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Preface 



For many years the aetiology and management of in- 
flammatory bowel disease seemed to have reached 
a steady state where only small but nonetheless 
important steps were made in our understanding 
of these potentially devastating diseases. Suddenly, 
with the molecular biology revolution, there is re- 
newed interest in the mechanisms of inflammation, 
the genes that may determine them and the develop- 
ment of new powerful designer drugs. As never be- 
fore, gastroenterologists are having to redefine the 
place of the established medical and surgical treat- 
ments alongside these novel treatments. This has led 
to unexpected problems in the diagnosis and defini- 
tions of disease as histopathologists have struggled 
with indeterminate colitis, pouchitis and perforating 
and stenosing varieties of Crohn's disease. 

Although exacting and more robust epidemio- 
logical tests are available, it is still not clear whether 
the incidence of either ulcerative colitis or Crohn's 
disease is changing both within the western world 
and developing countries. The importance of infec- 
tive agents within the gut lumen would seem to be 
intuitively relevant but their role remains undefined. 
Claims for the importance of specific organisms in- 
volved in the pathogenesis of either disease have had 
their fashionable 'rise and fall' so that no organism 
has been consistently implicated. Indeed, current ev- 
idence would suggest that these diseases represent a 
genetic susceptibility, mediated by many different 
genes, to a variety of environmental factors. This 
hypothesis allows for the very great heterogeneity 
that is seen by clinicians. 

Since the 1950s, aminosalicylates and corticos- 
teroids have provided the only effective treatments, 



but the final decade of the last millennium has seen 
the introduction of many new therapies, princi- 
pally immunosuppressant and immunomodulatory 
drugs. It has been encouraging that their effective- 
ness has been tested in clinical trials and subse- 
quent meta-analyses, continuing the evidence-based 
approach to these diseases which began with the 
early trials of corticosteroids and sulphasalazine and 
which has consistently underpinned the treatment 
of ulcerative colitis and Crohn's disease. Neverthe- 
less, medical therapy is still imperfect: it may fail 
to control active disease. Maintenance therapy, es- 
pecially for Crohn's disease, is very unsatisfactory 
and drug therapy frequently contributes to long- 
term morbidity; for example, corticosteroids may 
contribute to growth failure in children and to re- 
duced bone density in adults. The rapid expansion in 
drug therapy has been matched with many surgical 
innovations such as restorative proctocolectomy for 
ulcerative colitis and the concept of minimal surgery 
for Crohn's disease. Thus, the number of surgical op- 
tions now available to us inevitably raise questions 
concerning the choice of operation to be performed, 
when and by whom. 

The purpose of this book is to address some of 
the challenges in our understanding of ulcerative 
colitis and Crohn's disease, the challenges of new 
diagnostic and therapeutic modalities and the clini- 
cal challenges of maintaining good health and hence 
quality of life for our patients. It is not intended to 
provide a further text book of inflammatory bowel 
disease, of which there are many, but rather to con- 
sider specific issues. Many readers will want to fo- 
cus on individual chapters and therefore the editors 
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make no apology for a degree of repetition which 
will allow maximum exposure to new knowledge 
and thought. 

The editors are greatly appreciative of the time 
the authors have given to allow this book to gestate 



into a second edition. We are also most grate- 
ful to Mrs Toria McNeile for her help in assem- 
bling the manuscripts and to Ms Alison Brown 
and her staff at Blackwell for their patience and 
expertise. 



DJ 

NM 
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JHP 
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1: Global changes in incidence 

Richard F.A. Logan and Emma L. Armitage 



Introduction 

Variation in disease occurrence is the essence of epi- 
demiology. When this variation is between place or 
person, and standardised measures are available, 
measurement of such variation can be relatively 
accurate, albeit often expensive and laborious, as 
demonstrated by the European collaborative study 
on inflammatory bowel disease (EC-IBD) [i]. In 
contrast, measurement of variation over time is usu- 
ally fraught with difficulty and any trends revealed, 
unless substantial, are often surrounded by uncer- 
tainty. With regard to inflammatory bowel disease 
(IBD), more sensitive diagnostic techniques, widen- 
ing case definitions, increasing availability of spe- 
cialist investigation and greater public and profes- 
sional awareness of both diseases will all serve to 
increase the numbers of new diagnoses and have the 
potential to contribute to an apparent rise in inci- 
dence. In this chapter we will review recent data on 
the incidence of IBD worldwide and, at the risk of 
over generalising, assess what they imply as to the 
aetiology of IBD. 

The rise in incidences of ulcerative colitis and 
later Crohn's disease that was seen in many Western 
countries during the past century, preceded the 
growth of modern gastroenterology and was evi- 
dent in both individual studies and routine morbid- 
ity and mortality data [2.-4]. Over the last few years, 
however, there have been a number of conflicting re- 
ports of the incidence of both diseases either contin- 
uing to increase, or being stable or even declining. 
For example, Bernstein etal., using health insurance 
data for Manitoba, Canada, reported an overall 



incidence of Crohn's disease of 146/million/year, the 
highest yet reported, whereas a few hundred miles 
to the south in Olmsted County, Minnesota, Loftus 
et al. found an incidence over a similar period of 
69/million/year [5, 6]. An almost two-fold variation 
has also been reported from the United Kingdom, 
with Kyle finding the incidence of Crohn's disease 
continuing to rise in north-east Scotland at 98/ 
million/year in 1985-87, while in the Cardiff area 
incidence was declining with the figure for 1986- 
90 being 6z/million/year and 5 6/million/year for 
1991-95 [7, 8], There have been fewer reports of 
the time trends in incidences of ulcerative colitis, 
which may reflect the additional challenge for epi- 
demiological studies of distinguishing it from non- 
recurrent, mainly infective forms of colitis. Even so, 
in the (EC) IBD study the incidence of ulcerative 
colitis in parts of Europe as far apart as Iceland and 
Crete was higher than previously recorded [1]. 

Are these differences real or can the disparate 
findings of these studies be explained by differences 
in study design or imperfections of the methods 
used? One possible explanation is that the differ- 
ences reported reflect sampling and study size. For 
many diseases, cancer in particular, this problem can 
be overcome by examining mortality or morbidity 
routinely collected at a national or regional level. 



Evidence from trends in routinely 
collected morbidity data 

For IBD, mortality data are of little value in assessing 
its incidence over time. Death from IBD is now rare, 
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with fewer than 400 deaths per year now being certi- 
fied as due to IBD in the United Kingdom [9]. In ad- 
dition, over 75% of these deaths occur in those over 
70 years, whereas the incidence of IBD is greatest 
in those under age 40. Although mortality rates do 
show a broad correlation with incidence figures be- 
tween countries, the relationship breaks down when 
comparing mortality and incidence within a country 
over time [10]. Thus, the rapid rise in incidence of 
Crohn's disease during the 1950s and 1960s in the 
United Kingdom and the United States was asso- 
ciated with a less than doubling of mortality rates 
[ 1 1 ] . At the same time, mortality from ulcerative col- 
itis in these countries declined sharply when other 
data suggested incidence was unchanged or possibly 
increasing. 

Routinely collected morbidity data has mainly 
consisted of data on hospital admissions, which has 
been collected over many years in several countries. 
Another source of data is that collected by health in- 
surance or health maintenance organisations, typi- 
cally from North America, which has the advan- 
tage of including data on outpatient (ambulatory) 
care as well as that for inpatient care. Using either 
source it is necessary to separate first admissions 
or contacts from repeat contacts. Hospital admis- 
sion data are also affected by changing patterns of 
care, with patients being increasingly cared for as 
outpatients. With these considerations in mind it is 
notable that in Denmark the annual incidence of 
Crohn's disease, based on their national registry of 
inpatients, increased from 46 to 62/million/year in 
women between 1981-84 and 1989-92, and from 
33 to 41/million/year in men over the same period 
[12]. The figures were similar to the overall crude 
incidence of 41/million/year reported elsewhere for 
Copenhagen County in 1979-87. In contrast, the in- 
cidence of ulcerative colitis over this period fell from 
154 to 123/million/year in women and from 141 to 
126/million/year in men. 

Hospital admission data (now called hospi- 
tal episode statistics) are collected in the United 
Kingdom, but except in the Oxford region and 
Scotland it is not possible to identify first admissions 
from repeat admissions [13, 14]. In England, hospi- 
tal admission rates for Crohn's disease increased by 
approximately 4% annually during the period from 



1970 to 1985, but when admissions in the Oxford 
region were linked to individuals, first admissions 
for men declined by 0.5% annually and for women 
rose by 0.1%, neither being statistically significant 
[13]. Over the same period hospital admission rates 
for ulcerative colitis in England showed no change, 
although first admission rates in the Oxford region 
showed a 1% average annual increase, which was 
not statistically significant [13]. 

Both these studies, like most studies on routinely 
collected data, relied on accurate coding of the 
discharge diagnosis. This is a particular problem 
for inflammatory bowel disease where there is often 
some uncertainty as to whether the diagnosis is 
Crohn's disease (CD) or ulcerative colitis (UC). 
To overcome this problem Bernstein et al. in their 
study using health insurance records for Manitoba, 
validated the diagnoses according to questionnaire 
responses obtained from a subset of patients directly 
approached [5]. They also ignored all cases with a 
first medical contact within the first 5 years of their 
study period to try to ensure that only incident 
cases were included. How successful they were 
is difficult to judge. Inclusion of a proportion of 
non-incident cases will disproportionately increase 
incidence in the older age groups. Their figures 
for the incidence of Crohn's disease are some of 
the highest reported at 1 69/million/year in women 
and 123/million/year in men. Incidence rates for 
ulcerative colitis were also high at 144/million/year 
in women and 14 3 /million/year in men. 

Thus, the routinely collected data give a mixed 
picture. The lack of increase in the figures from the 
Oxford region could reflect an increased proportion 
of patients having outpatient care only. The same re- 
striction also applies to the Danish data, although 
a validation study on a subset showed the diag- 
nostic accuracy to be high, and overall incidence 
was in keeping with a smaller hospital-based study 
[12]. The Canadian data are particularly remark- 
able, as generally the figures for IBD incidence re- 
ported from North America have tended to be lower 
than those from Europe. These three studies reflect 
some of the important limitations of routinely col- 
lected morbidity data - namely that it is usually dif- 
ficult to make direct comparisons between data sets 
on account of differences in the health-care systems 
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Fig 1.1 Recent time trends in incidence of Crohn's disease. 



involved. Secondly, changes in how the data are col- 
lected often restrict analyses to time periods of less 
than 20 years. A third limitation is that it is usually 
not possible to validate the accuracy of diagnosis, 
which is of special importance when distinguishing 
Crohn's disease from ulcerative colitis. 

Time trends in individual studies 

The alternative to figures generated from routine 
data is to use the results of individual ad hoc stud- 
ies. In many European countries with centralised 
state-funded health care, such studies appear de- 
ceptively straightforward. Population catchment ar- 
eas are often well defined and specialist care is pro- 
vided by a small number of gastroenterologists, who 
also usually provide whatever private care is avail- 
able. However, IBD is relatively uncommon, and 
prospective studies need to be prolonged to pro- 
vide reliable figures on time trends. Other issues that 
have not always been carefully addressed include the 
criteria for diagnosis, residence criteria and clear 
definitions for date of onset or diagnosis. In addi- 
tion, as already mentioned, the effects of increasing 



awareness, better case ascertainment, greater use of 
more sensitive tests such as colonoscopy and evolv- 
ing case definitions need to be considered. 

Fortunately, in a few areas IBD incidence has 
been monitored either prospectively or by repeated 
retrospective studies over periods of more than 2.0 
years, and these studies arguably provide the most 
reliable evidence on incidence trends (Figs 1.1 and 
1.2). Rates have been plotted according to the last 
year of each time period reported and in most ar- 
eas the rates have been age-standardised to correct 
for changes in their population age structures over 
time. Of the eight areas shown in Fig 1.1, only in 
the Aberdeen area and most recently in Stockholm 
has the incidence of Crohn's disease shown more 
than a small increase since 1980 [7, 25]. When the 
Aberdeen data are age-standardised there is some 
reduction in the rate of increase, although the fi- 
nal figure remains high at 88/million [26]. It is 
too soon to know whether this represents a sus- 
tained increase; a similar peak in incidence was pre- 
viously found in Cardiff. Otherwise the remark- 
able feature is how little variation there is between 
places as different as Cardiff in the United Kingdom, 
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Fig 1.2 Recent time trends in incidence of ulcerative colitis. 



Orebro in Sweden and Rochester in the United 
States. 

These studies were all performed in an era when 
colonoscopy was not regarded as the standard in- 
vestigation it has now become. For example, in 
northern France in the 1990s 92% of patients with 
Crohn's disease and 99% of those with ulcerative 
colitis had had a colonoscopy at diagnosis [17]. A 
recent updating of data from Stockholm found that 
70% of Crohn's patients had a colonoscopy at di- 
agnosis [25]. Equivalent figures for the 1980s and 
earlier have not been reported and it is unclear what 
proportion of IBD would have been labelled as ulcer- 
ative colitis in the absence of evidence, either macro- 
scopic or microscopic, obtained at colonoscopy. 
Nevertheless, greater use of colonoscopy would 
account for the increasing proportion of patients 
found to have Crohn's disease affecting the colon, 
as reported in several recent studies [8, 17, 28]. 

There have been fewer studies of ulcerative coli- 
tis incidence. In the countries where IBD is common 



incidence rates for ulcerative colitis have tended to 
show more variation than those for Crohn's dis- 
ease. Probably this reflects the additional problems 
posed by variable ascertainment of mildly symp- 
tomatic cases including those with proctitis only, 
and distinguishing single or transient episodes of 
colitis induced by infection or drugs. In Nottingham, 
the prevalence of previously undiagnosed ulcerative 
colitis in subjects offered faecal occult blood testing 
for colorectal cancer screening was 700/million [29]. 
Most were mildly symptomatic but had not sought 
medical advice. In the recent Norwegian study a di- 
agnosis of ulcerative colitis could not be confirmed 
in 12% of patients when reinvestigated one year 
after diagnosis [30]. 

Given these considerations and the various 
changes in health care already mentioned, the in- 
creases in incidence over time (shown in Fig 1.2) 
are perhaps less than might have been expected. 
What does seem to have changed is the age-specific 
pattern, with an increase in incidence of ulcerative 
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colitis at older ages in men but not in women. Thus, 
in the EC-IBD study and in the recent data from 
northern France the expected peak in incidence in 
the younger age groups was present for women but 
not for men [1, 27]. 

Geographic trends in incidence 

Over the past 30 years a large number of other ad 
hoc studies have been reported from diverse loca- 
tions worldwide. Table 1.1 shows the incidence rates 
reported from recent European studies. The inci- 
dence of both diseases appears to show around a 
10-fold variation across Europe, but in general, the 
incidence of both is highest in countries in north- 
ern latitudes. The north-south gradient in IBD inci- 
dence was first described in Europe and was based 
on observations from these individual studies. How- 
ever, the conclusions reached by comparison of these 



studies are once again hampered by variations in 
study design, notably case definition, methods of 
case ascertainment and time period of investigation. 
In addition, many studies reported only crude rather 
than age-standardised or age-specific incidence rates 
for their populations and in others, case ascertain- 
ment in children and the elderly was less com- 
plete than at other ages. The European collabora- 
tive study on IBD incidence was set up to overcome 
these problems by standardising methods through- 
out all participating centres. It concluded that the 
'magnitude of the observed excess in north is less 
than expected on the basis of previous studies . . . this 
may reflect increases in incidence of IBD in Southern 
Europe whilst north may have stabilised' [1]. Inci- 
dence rates from centres participating in EC-IBD are 
shown in Table 1.1 in bold. 

In North America significant geographic varia- 
tion also appears to exist, and generally populations 



Table 1.1 European studies of inflammatory bowel disease incidence in the 1990s (Centres from EC- IBD in bold). 





Year 


Area 


Time period 


Rates/100 


,000/year 




First author 


UC(») 


CD (n) 


Design 


Shivananda 


1996 


8 Northern 


1991-93 


11.8 (869) 


7-0 (477) 


Prospective 


EC-IBD [1] 




European cities 










Shivananda 


1996 


12 Southern 


1991-93 


8.7(510) 


3-9 (229) 


Prospective 


EC-IBD [1] 




European cities 










Bjornsson [28] 


2000 


Iceland 


1990-94 


16.5 (215) 


5-5 (72) 


Prospective 


Mourn [31, 32] 


1997 


South-east 
Norway 


1990-93 


12.8 (496) 


6 (232) 


Prospective 


Salupere [33] 


2001 


Tartu, Estonia 


1993-98 


1.7(16) 


i-4 (13) 


Prospective 


Rubin [34] 


2000 


North Tees, UK 


1990-94 


13-9 (94) 


8.3 (56) 


Retrospective 


Yapp [8] 


2000 


Cardiff, UK 


1991-95 




5.6(84) 


Retrospective 


Russel [35] 


1998 


Netherlands 


I99I-95 


10 (257) 


6.9 (176) 


Prospective 


Latour [36] 


1998 


Leige, Belgium 


1993-96 


3.6(111) 


4-5 ( I 37) 


Prospective 


Pagenault [37I 


1997 


Brittany, France 


1994-95 


2.9 (165) 


2.8 (205) 


Prospective 


Flamenboum [38] 


1997 


Puy de Dome, 
France 


1993-94 


2.4 (29) 


6.6(79) 


Prospective 


Lakatos [39] 


2004 


Western Hungary 


1977-01 


5.8 (560) 


2.2 (212) 


Retrospective 


Ranzi [40] 


1996 


Cremona, Italy 


1990-93 


7.0 (82) 


3-4 (40) 


Prospective 


Trallori [41] 


1996 


Florence 


1990-92 


9-6 


3-4 


Retrospective 


Tragnone [42] 


1996 


Italy (8 cities) 


1989-92 


5.2 (509) 


2.3 (222) 


Prospective 


Manousos [43, 44] 


1996 


Crete 


1990-94 


11.3 (116) 


3-5 (36) 


Prospective 


Tsianos [45] 


2003 


N W Greece 


1982-97 


6.6(357) 


0-5 (43) 


Retrospective 


Molinie [27] 


2004 


Northern France 


1988-99 


4.0 (2665) 


6.0(4013) 


Prospective 



UC: ulcerative colitis; CD: Crohn's dif 
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with the highest incidence and prevalence rates have 
been located in northern latitudes [4, 5, 46, 47]. 
Once again, these findings are based on the results 
of individual studies and are therefore difficult to 
compare due to methodological differences. One 
study that overcomes these problems is a study in 
the United States of military veterans and Medi- 
care beneficiaries, which shows that the incidence 
of IBD is higher in the north compared to the south 

[48,49]- 

Further analysis of the large Scottish cohort of 
juvenile-onset IBD between 1981 and 1995 [50] has 
also found that northerly region of residence was an 
independent risk factor for developing CD but not 
UC [48]. The relative risk of CD in the south com- 
pared with the north was 0.73 (95% CI 0.58-0.91, 
p < 0.00 1 ), but UC did not show this north/south 
variation. This pattern has not been examined in 
other paediatric populations, but does support the 
hypothesis that CD incidence exhibits a latitudi- 
nal gradient with incidence increasing with more 
northern latitudes. 

Rest of the world 

Until the 1980s reports of IBD occurrence from out- 
side Europe and North America consisted essentially 
of case reports or case series. The exception was 
South Africa where Wright et al. found the inci- 
dence of both diseases in the Cape Town area to 
be greatest in the Whites but with incidence less 
than half that found in equivalent European popu- 
lations. Incidence of both diseases in the coloured 
population was lower again and lowest of all in 
the Blacks [51]. Recent well-researched studies from 
Japan and Korea have shown IBD to be much less 
common than in Europe with UC incidence being 
10-zo/million/year and CD less than 5/million/year 

[52--551- 

In line with the data from Japan and the Far East, 
UC has traditionally been regarded as rare in the 
developing world. However, an impressive pair of 
population surveys in northern India has revealed an 
UC incidence of 60/million/year and a prevalence of 
symptomatic UC of 443/million - figures not much 
lower than those reported from several European 
countries [56]. It is unclear whether these figures 



reflect an increasing UC incidence, as this is the first 
formal study of IBD incidence from India. 

Trends in incidence of juvenile-onset 
Crohn's disease 

Incidence patterns for whole populations may con- 
ceal changes taking place in smaller subgroups of 
that population, such as children. Although Crohn's 
disease incidence may be stable overall, several 
groups have suggested that incidence in children 
is particularly increasing. The epidemiology of this 
subgroup is of particular importance because several 
current hypotheses as to the causes of CD and UC 
relate to events happening in infancy or childhood 
[57-6i]. 

In assessing any increase in incidence in children, 
one needs to consider some additional factors that 
could account for a spurious increase (Table 1.2). 
Firstly, the steep increase in incidence at ages 15 and 
16 coincides with the arbitrary division between 
childhood and adulthood. Thus, any reduction in 
the time between symptom onset and diagnosis 
could have a disproportionate effect on incidence 
in childhood. As Table 1.3 shows, researchers have 
been divided in choosing age 14, 15 or 16 as the 
upper limit of childhood. How this might affect 
the figures is difficult to gauge, but it is notable 
that in the study from Copenhagen where the low 
incidence below age 1 5 is based on only six cases, 
in a further 17 symptom onset was before age 
15 but diagnosis occurred in adulthood. Secondly, 
time from symptom onset to diagnosis of Crohn's 
disease in children has shortened; in the United 
Kingdom this has gone from around 12 months 
in the early 1980s to around 5 months in the 
recent data collected [77]. Other factors include the 
increased intensity of investigation and changing 
criteria for diagnosis of Crohn's disease. 

As noted above, diagnosis for all hospital admis- 
sions in Scotland are recorded in a linked fashion 
for the whole country in the 'Scottish Hospitals dis- 
charges linked database' [78]. The linkage of data 
allows the whole series of that patient's admissions 
to be identified at any one time, allowing identifica- 
tion of incident cases rather than just hospital ad- 
mission episodes. Using this database Barton et al. 
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Table 1.2 Possible factors 
contributing to an increase in 
incidence of Crohn's disease in 
children. 



Greater case ascertainment 

Quicker diagnosis -»• diagnosis at age 15, not 16 

Diagnostic transfer, atypical UC -»• CD 

Widening case definitions e.g. inclusion of orofacial granulomatosis 

Earlier onset in predisposed individuals 

Real increase in incidence 



UC: ulcerative colitis; CD: Crohn's disease. 



looked at incidence rates for juvenile onset IBD from 
1968 to 1983 [71]. They found a three-fold rise in 
incidence for CD, and a marginal fall in UC. The 
data for CD, after allowing for a short lag, would 
seem to parallel the increase seen in adults over the 
preceding few decades. Over the last decade with 
increasing interest in the aetiological role of perina- 
tal and early childhood factors, other groups have 
now published comparable epidemiological studies 
of the juvenile-onset subgroup (Table 1.3). 



The figures from the Scandinavian countries 
seem to show more variation, with the rates from 
Denmark and Finland being a half to a third of 
those from Sweden and Norway. In part, this reflects 
the different age bands used (Table 1.3). Neverthe- 
less, the situation within Sweden is as varied, be- 
cause the recent data from northern Stockholm (Ta- 
ble 1.4) suggests a doubling in incidence of Crohn's 
disease, predominantly accounted for by increasing 
colonic disease, and a decline in ulcerative colitis 



Table 1.3 Recent incidence data for Crohn's disease (CD) and ulcerative colitis (UC) in childhood. 









Duration 


Age 




CD 






UC 






Rates per 




Rate; 


; per 




First author 


Area 


Period 


(years) 


group 


100, 


ooo/year 


n 


100,000/year 


n 


Europe 






















Langholz [62] 


Copenhagen 


1962-87 


-15 


0-14 


0.2 




6 


2.0 




63 


Olafsdottir [63] 


W Norway 


1984-85 


2 


0-15 


2-5 




10 


4-3 




17 


Bentsen [64] 


SE Norway 


1990-94 


4 


0-15 


2.0 




14 


2.2 




*5 


Lindberg [65I 


SW Sweden 


1984-86 


3 


0-15 


1.9 




21 i' f 


i-4 




287+ 






1993-95 


3 


0-15 


2.0 




- 


3-2- 




- 


Hildebrand [66] 


N Stockholm 


1990-01 


12 


0-15 


4-9 




102 


2-4 




5° 


Kolek [67] 


Czech republic 


1990-01 


12 


0-15 


1.0 




-19 


L.L 




22 


Van der 


Netherlands 


1999-01 


2 


0-17 


2.1 






1.6 






Zaag-Loonen [68] 






















Tourtelier [69] 


NW France 


1994-97 


4 


0-16 


1.6 




43 


0.6 




14 


UK 






















Cosgrove [70] 


S Wales 


1983-93 


11 


0-15 


2.2 




21 


0.7 




7 


Barton [71] 


Scotland 


1968 


1 


0-16 


0.7 




10 


i-9* 




18 






1983 


1 


0-16 


2.3 




28 


1.6* 




*3 


Armitage [72] 


Scotland 


1981-95 


J 5 


0-15 


2.3 




383 


3-4 




197 


Hassan [73] 


Wales 


1995-97 


1 


0-16 


1.4 




20 


0.8 




II 


Sawczenko [74] 


UK 


1998 


1 


0-15 


3- 1 






i-4 






USA 






















Kugathasan [75] 


Wisconsin 


2000-01 


2 


0-17 


4.6 




129 


2.1 




60 


Australia 






















Phavichitr [76] 


Melbourne 


1996-01 


5 


0-16 


2.0 




233 


- 




- 



*Rate for 6-16 years. 

* Numbers for both periods. 
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Table 1.4 Incidence of Crohn's disease in children - 
northern Stockholm [65]. 







Rate per 


100 


,000/year 


for 








ages 0-1 


5 years (95% 1 


CI) 








CD 






uc 






N = 


= 102 


N = 


= 48 




1990-92 


i-7 


(0-7-3-3) 




3-3 


(1.9- 


-5-4) 


1993-95 


3-5 


(2.-I-S-5) 




1.8 


(0.8- 


-3-3) 


1996-98 


5.6 


(3.8-8.1) 




1-9 


(0.9- 


-3-5) 


1999-01 


8.4 


(6.2-11.3) 




1.8 


(0.9- 


-3-4) 


Overall 


4-9 


(4.0-6.0) 




2.2 


(1.6- 


-2.9) 



UC: ulcerative colitis; CD: Crohn's disease. 

in under 16-year-olds during the 1990s, while the 
larger study covering just over half the childhood 
population (< 16 years) of Sweden found no in- 
crease in Crohn's disease incidence but a two-fold 
rise in incidence of ulcerative colitis [65, 66]. 

In the paediatric age group, further research 
from Scotland has also shown a higher incidence of 
CD in the more affluent areas of Scotland, as defined 
by postcode sector [50]. This pattern was indepen- 
dent of temporal, gender or regional trends and was 
therefore not purely a reflection of the geographi- 
cal distribution of deprivation. The relationship to 
affluence was seen in CD, but not in UC, thus it 
is unlikely that the association was simply due to 
a higher reporting of symptoms to primary care in 
affluent areas. 

Conclusions 

It would be a serious mistake to assume incidence 
trends should be similar even in developed countries. 
With these caveats, there is broad support for the 
following: 

• In Westernised countries, where Crohn's disease is 
already common, there is no consistent evidence 
of a continuing rise with the most reliable data 
showing stable incidence since the 1980s. 

• In areas reporting an increase in Crohn's disease 
(northern France and Stockholm) the increase has 
been predominantly in colorectal Crohn's disease. 

• Overall incidence of ulcerative colitis in the same 
countries is not rising. 



• In areas of Europe where historically IBD has 
been uncommon or rare the incidence of both 
diseases is rising, although some of the rise may 
reflect greater access to health care with the gen- 
eral pattern being of an increase in UC followed 
by Crohn's disease, within a generation or less. 

• Both diseases are now appearing in Japan and the 
rest of Asia. 

• The incidence of Crohn's disease in children is 
increasing but how much of the increase is ac- 
counted for by earlier diagnosis, varying defini- 
tions of childhood and changes in diagnostic cri- 
teria is still not clear. 

Overall, this pattern is in keeping with some en- 
vironmental factors associated with economic devel- 
opment or Westernised lifestyles. Focussing on the 
emergence of IBD in the developing world is likely 
to be a fruitful area for research. 
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Introduction 

In the last 20 years there has been an exponential 
acceleration in our understanding of human molec- 
ular genetics. Important technical advances, such 
as the discovery of the polymerase chain reaction 
in the mid-1980s [1], have substantially improved 
both the precision and rapidity of processing DNA. 
This, coupled with the recent completion of the hu- 
man genome project, has heralded a new era for 
molecular genetics and, in particular, has allowed 
the study of complex polygenic diseases. 

The successful identification of disease-causing 
genes can follow a number of different pathways, 
which lead to the isolation of a manageable num- 
ber of candidate genes. A common strategy, since 
the advent of micro-satellite marker maps [2], is to 
perform genome-wide scans of families multiply af- 
fected by a particular disease. Loci of interest can be 
identified by genotyping these individuals for mark- 
ers distributed evenly across the genome. Linkage 
is achieved at a particular locus if the extent of 
allelic sharing between individuals is greater than 
would be expected by chance. However, these loci 
are relatively large and fine mapping is required. 
This can be achieved by using a higher density of 
markers, usually single nucleotide polymorphisms 
(SNPs), in the region of interest. Association studies 
can then be undertaken and candidate genes tested 
to identify differences in the disease population com- 
pared to controls. Functional experiments are then 
required to confirm a pathological role for the mu- 
tant gene identified. New micro-array technology 
has provided a method of simultaneously analysing 



the expression of many hundreds of selected genes or 
indeed the entire genome. This new field of so-called 
functional genomics promises to provide a more dy- 
namic picture of gene expression in diseased tissue 
and sets the stage for inflammatory bowel disease 
(IBD) genetics in the new millennium. 



Inflammatory bowel disease: a 
genetically determined condition? 

The observation of familial clustering of IBD was 
first documented by Crohn et al. in the early 1930s. 
This ultimately led to the hypothesis that there might 
be a genetic component to the pathogenesis of IBD. 
A large number of epidemiological studies based on 
both hospital cohorts and unselected populations 
have supported this finding. Studies of first-degree 
relatives of patients with Crohn's disease (CD) have 
shown a relative risk of 10-35 f° r developing CD 
and a relative risk of 3-6 for developing ulcerative 
colitis (UC). The risk is lower in relatives of UC 
patients with a relative risk of 2-1 5 for developing 
UC and 2-3 for developing CD [3]. The risk of IBD 
is greater if more than one first-degree relative has 
the condition [3], and is of consistently increased 
prevalence in the Jewish population [4]. The relative 
risk of IBD is greatest for siblings [5], especially if 
the proband has CD [6, 7]. 

Segregation studies were used in the 1980s to 
model the mode of inheritance in IBD and were un- 
able to support a simple Mendelian model [8-11]. 
This was confirmed by more recent genome-wide 
linkage studies supporting a polygenic model of 
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Fig 2.1 Inflammatory bowel disease linkage areas. 

genetic susceptibility. Studies of twins have provided 
further evidence of the involvement of genes in IBD, 
with monozygotic twins showing greater concor- 
dance for IBD than dizygotic twins [12-15]. 

Disease phenotype is also genetically influenced 
with associations demonstrated for early disease on- 
set, location and behaviour. It has become apparent 
that CD and UC are a clinical continuum influenced 
by an individual's underlying array of disease sus- 
ceptibility and disease modifying genes. It has been 
proposed that these modifier genes, with no effect 
on disease susceptibility themselves, influence dis- 
ease phenotype by interacting with a limited num- 
ber of susceptibility genes, acting either alone or in 
combination [16]. It must be remembered that non- 
genetic factors also play a role in modifying disease 
phenotype, illustrated by the preferential CD phe- 
notype in smokers from families susceptible to IBD 

[i7l- 

These studies provide compelling evidence for 
the involvement of genes in the pathogenesis of 
IBD and also provide insight into the influence of 
genes on phenotype. The overlap of the CD and 
UC phenotypes within families challenges rigid con- 
cepts of distinct diseases and suggests a less po- 
larised inter-play of multiple genes resulting in a 
given phenotype. This paves the way for a rather 
more robust molecular classification of IBD. 
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The disease susceptibility loci 

Genome-wide linkage studies of multiply affected 
families have been a highly successful strategy in re- 
vealing a multitude of potentially relevant disease 
susceptibility loci, sometimes despite poor replica- 
tion between studies. Since 1996 twelve genome- 
wide scans from Europe and North America have 
been published. These studies have resulted in the 
identification of a total of nine disease loci desig- 
nated IBD1-9 (Fig 2.1). Five loci (IBDi, 2, 4-6) 
have met the stringent 'genome-wide' linkage cri- 
teria necessary for definite linkage [18]. IBD3 and 
IBD7 did not reach genome-wide significance ini- 
tially, but after more focused studies there was suf- 
ficient supportive evidence for these regions to be 
designated as IBD loci [19, 20]. Interestingly, in a 
recent meta-analysis of genome-wide scans IBD 3 
was the only locus that met genome-wide signifi- 
cance whereas IBDi, IBD 2 and IBD 6 only demon- 
strated suggestive linkage [21]. There is growing 
evidence from the stratification of both genome- 
wide scans and association studies by CARD 15 
status and also by transmission disequilibrium test- 
ing (TDT) to support two further disease loci desig- 
nated IBD8 (i6p 25cMq telomeric to IBDi) [22, 
23], and IBD9 (3p) [24], respectively. Two other 
regions are noteworthy, although they are yet to 
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be replicated and designated as IBD loci. At the 
ioq23 locus, variants in the DLG5 gene that en- 
codes an epithelial scaffolding protein, has been 
associated with IBD [25]. More recently, strong 
associations have been found on 7P14.3 between 
haplotypes (a series of linked alleles at different 
loci) in the terminal exons of NODi (nucleotide 
oligomerisation domain 1) and IBD [26]. NODi, 
which is structurally similar to NOD2 (nucleotide 
oligomerisation domain 2) detects a tripeptide motif 
found in gram-negative bacterial peptidoglycan and 
like NOD2 activates NFkB and enhances apoptosis 
[27]. 

IBDi 

In 1996 Hugot et al. identified the first IBD link- 
age area, designated IBDi on the pericentromeric 
region of chromosome 16 [28]. This was subse- 
quently replicated in seven further linkage stud- 
ies prior to the identification of the causative gene 
[29-35]. It was not unt il 2.001 that three indepen- 
dent groups, using rather different strategies, iso- 
lated mutations in the NOD2 gene [36-38], later 
renamed CARD 15 (caspase-activation recruitment 
domain), as being significantly associated with CD. 
Nunez and Cho's group initially cloned CARD 15 
and found that it subsequently mapped to the IBDi 
locus. Sequencing of the gene in CD families re- 
vealed a frameshift mutation caused by a cytosine in- 
sertion (3020UISC). A combination of transmission 
disequilibrium testing and case-control studies were 
then performed and showed significant association 
with CD [37]. Hampe et al. [38] followed a simi- 
lar strategy aided by the knowledge of the recently 
cloned CARD15. In contrast, Hugot et al. [36] used 
pure linkage analysis methodology and found as- 
sociations for the frame shift 302oinsC mutation 
as well as two non-synonymous (amino-acid alter- 
ing) SNPs (Arg702Trp and Gly9o8Arg), resulting in 
mis-sense variants of CARD15. Further, CARD 15 
variants have been identified but 82% of mutated 
alleles are accounted for by these three mutations 

[39]- 

In 2001 the IBD International Genetics Consor- 
tium [40] pooled data sets from studies that did not 
alone show significant linkage to IBDi and found 



highly significant association with CD (logarithm 
of the odds (LOD) score 5.79). These apparently 
conflicting results merely reflect the relative under- 
powering of the individual studies. This is a common 
problem of many IBD genetic studies and accounts 
for much of the inter-study variability in results. 

Other IBD linkage regions 

A second genome-wide scan in 1996 identified 
genome-wide linkage, spanning part of the p and 
q arms on chromosome 12 (IBD2 locus) [41]. This 
locus has been replicated in several [32, 42, 43], but 
not all, studies [29, 44-46]. On current evidence, 
the IBD2 locus seems to be associated more with 
UC than with CD [40, 47]. Attempts to identify the 
precise gene have so far been unsuccessful. 

Immune dysregulation plays a central role in the 
pathogenesis of IBD [48], which has resulted in con- 
siderable interest in the human leukocyte antigen 
complex (HLA) on chromosome 6p (IBD3). This 
region is highly polymorphic and gene-dense and 
includes the HLA class I, II and III genes. Although 
there have been numerous serological studies show- 
ing associations between class I and II HLA antigens 
and IBD, many of these early studies were under- 
powered. In an early molecular study by Satsangi 
and colleagues [49] linkage was demonstrated for 
UC with the HLA class II DRBi locus and the DRBi 
DQB haplotype. This group then went on to show in 
a case-control study significant associations for UC 
and the DRBi* 0103 and DRBi* 12 alleles, a find- 
ing replicated in several other studies [50, 51]. For 
CD an American genome-wide scan provided sug- 
gestive evidence of linkage to chromosome 6p [52]. 
However, perhaps the most compelling evidence for 
linkage to this region comes from a collaborative 
Northern European study. In an initial genome-wide 
scan suggestive, but not significant, linkage to IBD3 
was achieved [29]. In a subsequent follow-on study 
by the same group, using a higher density of mark- 
ers, highly significant linkage for both CD and UC 
was demonstrated [20]. This finding was later inde- 
pendently replicated [53]. 

A study from Pittsburgh showed genome-wide 
significance to chromosome i4q (IBD4) for CD [43]. 
This supported previous data from two other North 
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American studies: Ma et al. [52] who found sugges- 
tive linkage to this locus for CD, and Cho et al. who 
showed nominal linkage in mixed CD and UC fam- 
ilies [42]. A European study also provided support 
for the IBD4 locus [54]. 

In addition to the IBD4 linkage in the genome- 
wide scan by Ma et al. [52], suggestive linkage to a 
region on chromosome 5 q (IBD 5 ) was also found. A 
Canadian study of 1 5 8 sib-pair families also found 
suggestive linkage to this region [45]. High density 
mapping of the 5q locus resulted in significant 
linkage for CD [45] and subsequent linkage dise- 
quilibrium mapping revealed a common haplotype 
spanning 250 kb across the cytokine gene cluster 
[55]. This haplotype imparts a CD relative risk of 2 
for heterozygotes and 6 for homozygotes [55]. These 
findings were then replicated by the same group in a 
second cohort [56] and by other independent groups 
[57, 58]. Giallourakis and colleagues [56] demon- 
strated that the IBD 5 locus acts independently from 
CARD 1 5 in conferring risk to CD, but epistatically 
(interaction between different genes) with CARD 15 
for conferring risk to UC. This association with UC 
was supported by a single-centre UK study that also 
found epistasis between CARD 15 and the IBD 5 risk 
haplotype for this phenotype [59], although only 
for the Arg702Trp mutation. Recently, variants 
in two genes (SLC22A4 and SLC22A5) encoding 
the organic cationic transporter proteins OCTNi 
and OCTN2 have been identified as possibly being 
the relevant genes within the IBD 5 linkage region. 
A two-allele (SLC22A4/SLC22A5) risk haplotype 
(SLC22A-TC) of these variants has been shown to 
be significantly associated with CD [60]. No asso- 
ciation has been seen for this haplotype with UC 
even after stratification by CARD15 variants [61]. 
However, there is marked linkage disequilibrium 
within this region and these genes may therefore 
be only linked to the causative gene as part of an 
extended haplotype. Further replication and higher 
density mapping of this region is required before 
firm conclusions can be drawn. 

Genome-wide significance to a region on 19P 
(IBD6) has also been demonstrated for the com- 
bined CD and UC pheno types [45]. The IBD 6 
locus contains several gene candidates, but the 
most replicated is the association between ICAM-i 



variants and IBD [62-64]. A study by van Heel 
and colleagues [22] stratified a genome-wide scan 
of 137 CD affected relative pairs by the common 
CARD 1 5 mutations and the IBD 5 haplotype. This 
approach provides a method by which genetic het- 
erogeneity can be reduced, thus increasing the power 
of genome-wide scans to find minor susceptibility 
loci. In addition, epistatic relationships can be de- 
termined. Using this method, linkage to the chro- 
mosome 19 (IBD 6) locus was only seen in CARDi 5 
negative CD pairs. Further evidence for linkage to 
this locus was seen for CD pairs stratified for one or 
two copies of the IBD 5 risk haplotype, demonstrat- 
ing epistasis between IBD5 and 6 [22]. However, the 
lack of linkage to IBD 6 in an earlier genome-wide 
scan by Hampe et al. [65] remained after stratifica- 
tion by CARD 1 5 variants. 

A North American genome-wide scan of 
Ashkenazi and non-Ashkenazi Jewish families 
demonstrated suggestive linkage to the ip (IBD7) 
locus [34]. However, after stratification by ethnic- 
ity, linkage to IBD7 was found to be exclusive to 
non-Ashkenazi Caucasian families. The same group 
performed both linkage and linkage disequilibrium 
analysis on a genetically isolated population of un- 
related American Chaldeans with IBD. They hy- 
pothesised that the degree of linkage disequilib- 
rium around disease-causing mutations should be 
increased in this isolated population. Linkage and 
linkage disequilibrium at the same ip locus as that 
found in the out bred population was subsequently 
demonstrated providing sufficient evidence for a 
major IBD susceptibility locus [19]. 

The IBD8 locus on i6p has, as previously men- 
tioned, been identified by CARD 15 stratification of 
linkage studies. A study by Hampe et al. [23] per- 
formed high-density micro-satellite marker mapping 
to further define the broad IBDi linkage region from 
previous genome-wide scans. This strategy revealed 
three linkage peaks within the IBDi region with the 
highest central peak located at the CARD 15 po- 
sition. Stratification by CARD 15 variant negative 
patients resulted in a diminished CARD 15 peak, 
but maintenance of the other flanking peaks. This 
suggested the presence of two further IBD suscep- 
tibility genes. Further association studies revealed a 
common haplotype that was significantly associated 
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with CD only in the CARD 15 variant negative pa- 
tients [23]. The more recent stratified genome-wide 
scan of CD patients by van Heel and colleagues [22] 
confirmed a second locus in CARD 1 5 variant nega- 
tive patients 25CM q telomeric to IBDi. 

In Satsangi et al.'s [41] 1996 genome-wide scan 
there was suggestive linkage for the combined IBD 
phenotype to chromosome 3p2i. This finding was 
not significantly replicated in subsequent genome- 
wide scans. However, in 2001 Hampe and col- 
leagues performed fine mapping of the region and 
replicated the earlier linkage to 3P21 as well as 
demonstrating a second p telomeric linkage peak 
[66]. A North American study further analysed this 
region by first performing TDT analysis (a method 
that circumvents the problem of population stratifi- 
cation) of a previous genome-wide scan and then an 
extended linkage analysis [24]. These data revealed 
significant linkage to 3P26 in IBD patients, approx- 
imately iocM, from the second linkage peak seen in 
Hampe et al.'s study. These are likely to represent 
the same locus and provide sufficient evidence for 
this to be designated IBD9. 

CARD15: ethnic heterogeneity 

The international interest in CARD 15 has resulted 
in sufficient data to gain some insight into the contri- 
bution of CARD 1 5 polymorphisms in different pop- 
ulations. A recent large meta-analysis [67] looked 
at 42 international study cohorts, 37 of which were 
from Caucasian and 5 from Asian descent. No asso- 
ciations were seen in the Asian populations. In the 
Caucasian populations of non-Jewish descent, car- 
riage of one high-risk CARD 15 allele overall con- 
ferred a 3.15 times greater risk of CD (Arg702Trp: 
OR 2.20, Gly9o8Arg: OR 2.99 and 302oinsC: OR 
4.09). In the Jewish Caucasian population data was 
sparser, but the common CARD 15 variants con- 
ferred a lower risk than in the non-Jewish popu- 
lation (Arg702Trp: OR 1.74, Gly9o8Arg: OR 1.93 
and 302oinsC: OR 2.45). Those carrying two or 
more risk alleles had an odds ratio of 17. 1 for CD 
compared to people without high-risk alleles. The 
overall CD attributable fraction for the risk alleles 
was 12.7%. After exclusion of patients of Jewish 
descent this increased to 21.8% [67]. 



There is a trend towards higher rates of IBD 
in Northern European compared to Southern 
European populations, although the European 
Collaborative study on IBD was unable to show a 
clear delineation [68]. This delineation is similarly 
unclear in relation to the common CARD 15 vari- 
ants with a reduced contribution to CD phenotype 
demonstrated in Irish [69, 70], Scottish [70, 71] 
and Finnish populations [72]. However, strong 
associations between the CARD 15 variants and 
CD have been seen in other Northern European 
populations. In a collaborative study of German 
and British cohorts (excluding Scottish) Hampe 
et al. [38] estimated that the 302oinsC frameshift 
mutation accounted for approximately 18% of 
genetic risk of CD. This was further supported by 
a collaborative study in a similar cohort of British, 
German and Dutch patients, which also showed 
strong associations with the common CARD 15 
mutations and CD [73]. The authors estimated 
that heterozygotes for CARD 15 mutations have a 
three-fold increased risk and that homozygotes and 
compound heterozygotes have a 20-fold increased 
risk of CD. In a single centre British cohort Ahmad 
and colleagues confirmed the increased risk of the 
three common CARD 15 mutations and showed 
a relative risk of 6.5 for the 302oinsC frameshift 
and a relative risk of 2.3 and 2.6 for the 9o8Arg 
and 702Trp mis-sense mutations respectively [74]. 
Studies from Denmark [75], Belgium [76, 77], 
Netherlands [78], Spain [79, 80] and Italy [81-83] 
have all confirmed the association of some but not 
all of the common CARD 15 variants with CD. The 
most consistently replicated association is that of 
the 302oinsC mutation. However, a study from 
Greece [84] was unable to demonstrate associations 
with this mutation and CD indicating that genetic 
heterogeneity of CARD 15 mutations in Europe is 
not solely limited to the Northern populations. 

Positive associations for CD and CARD 15 mu- 
tations outside of Europe include studies from the 
United States [37, 85-87], Canada [88], Israel [89] 
and Australia [90]. The higher rates of CD in the 
Jewish population, and in particular Ashkenazi ver- 
sus non- Ashkenazi Jews, are well described [91, 92]. 
Fidder et al. [89] showed lower CARD 1 5 mutations 
in the Jewish Israeli population compared to the 
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non-Jewish European studies. A North American 
study [87] stratified their CD patients and controls 
into Ashkenazi Jewish and white non-Jewish. They 
showed that patients had similar allele frequencies 
for the 30zoinsC frameshift mutation between the 
two ethnic groups. Case-control analysis also re- 
vealed significant associations for this mutation and 
CD in both ethnic groups. Similarly, a positive asso- 
ciation between the 5>o8Arg mutation and CD was 
found in both groups, but interestingly the allele fre- 
quency of the 9o8Arg mutation was higher in the 
Jewish compared to non-Jewish patients [87]. This 
is perhaps not surprising for a risk allele in a popu- 
lation with a high prevalence of CD [93]. However, 
the converse was true for the 70zTrp mutation with 
no association seen with CD in the Jewish patients. 
However, as with the 9o8Arg mutation, higher al- 
lele frequencies were seen in this group [87]. Data 
from two separate studies have suggested that the 
increased prevalence of CD in the Jewish popula- 
tion may be from CARD 15 mutations other than 
the three common ones [94, 95]. 

CARD 1 5 mutations impart risk of CD primarily 
to Caucasian populations. African Americans have 
a significantly reduced allele frequency of the com- 
mon mutations compared to their Caucasian coun- 
terparts, although unique variants have been de- 
tected [96]. The CARD 1 5 mutations are absent in 
Asian populations studied; specifically no mutations 
have been found in Japanese [97, 98], Chinese [99] 
and Korean [94] studies. 

CARD15 and phenotype 

The most comprehensive study of phenotype/ 
genotype associations have been in relation to 
CARD 1 5 mutations. Although all CD phenotypes 
are represented in both CARD 15 positive and neg- 
ative patients, a consistent association is that of 
CARD15 mutations and ileal disease [71-74, 88, 
100-102]. Ahmad and colleagues [74] genotyped 
244 meticulously phenotyped CD patients with a 
median follow-up of 16 years and found that all 
patients with the CARD 1 5 3 02oinsC frameshift mu- 
tation and all compound heterozygotes and ho- 
mozygotes of the other two common mutations had 
ileal disease. Economou et al.'s 2004 meta-analysis 



[67] gave an odds ratio of 2.53 for the development 
of small bowel CD if at least one high-risk variant 
was present. In the Jewish populations studied no 
clear associations could be found. 

Disease behaviour is less consistent across stud- 
ies. This is in part a reflection of the problem of 
accurate phenotyping as well as the changing pat- 
tern of disease over time [16]. Ahmad et al.'s study 
[74] showed that the CARD 15 frameshift mutation 
protected against fistulating disease but was asso- 
ciated positively with stenotic disease. This associ- 
ation with stenotic disease was also demonstrated 
in Economou et al.'s meta-analysis [67]. However, 
the association for stenotic disease is not indepen- 
dent of ileal disease and perhaps is only a conse- 
quence of inflammation at that site [74, 77]. In- 
deed, Louis et al. [77] showed that in patients 
with no stricturing or perforating disease at diag- 
nosis, 11% developed stricturing and 22% pene- 
trating disease at 5 years. This was independent 
of CARD 1 5 status [77]. Likewise, the reported 
higher rate of surgery in patients with CARD 15 
variants may also just reflect the preponderance of 
ileal disease [74]. However, there have been sev- 
eral studies that have shown independent associa- 
tions of CARD 1 5, ileal disease and fibrostenotic dis- 
ease behaviour [100, 102]. Familial disease [67] and 
early age of disease onset has also been associated 
with CARD15 variants [39, 74]. There have been 
no consistent associations between the CARD 15 
variants and extra-intestinal manifestations of IBD 
[39,88]. 

CARD15: pathogenesis 

CARD 1 5 is a member of the Apaf-i transcription 
factors. It functions as an intra-cellular cytoplasmic 
receptor for muramyl dipeptide (MDP) [103, 104], 
which is a component of peptidoglycan found in the 
walls of both gram-positive and gram-negative bac- 
teria and results in the activation of the intra-cellular 
signalling molecule nuclear factor-KB (NF-kB) 
(Fig 2.2) [105]. The MDP combines with the 
leucine-rich region (LRR) of the CARD 15 protein 
[103, 104, 106], which is the region where the 
three common mutations associated with CD are 
found [36]. How these mutations are involved in 
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Fig 2.2 CARD 1 5 intra-cellular signalling. 



the pathogenesis of CD is not clear. The mutations 
are able to influence the function of the CARD 15 
protein but the results are highly dependent on the 
model system used. Data from experimental cell 
lines have shown that the common CARD 15 vari- 
ants, in particular the 302oinsC frameshift muta- 
tion, result in reduced NFkB activation following 
stimulation with MDP [87, 107]. This defective 
NFkB activation seems to be at odds with the finding 
of raised NF-kB seen in IBD tissues [108]. CARD15 
was initially thought to be solely expressed in mono- 
cytes [105], but was subsequently also found to be 
expressed in dendritic cells and intestinal epithelial 
cells (IECs) [109, no]. Hisamatsu and colleagues 
demonstrated that in IECs CARD 15 was vital for 
effective killing of S. typbimurium and that IECs 
transfected with the CARD15 302oinsC frameshift 
variant lost the ability to affect this bacterial killing 
[no]. This abnormality of intra-cellular bacterial 



clearance provides a potential mechanism by which 
enteric bacteria may be involved in establishing 
chronic intestinal inflammation in CD. 

In CARD 1 5 knockout mice models there is no 
enhancement of either spontaneous or chemically 
induced colitis [in, 112]. In contrast to the ear- 
lier experimental cell line models, a recent study by 
Maeda et al. [113] demonstrated that in mice har- 
bouring the 302oinsC frameshift mutation, treat- 
ment of bone marrow derived macrophages with 
MDP resulted in a greater rise in NFkB compared 
to wild-type mice. Several NFkB target genes, in 
particular IL- 1 (3 were also increased in the CARD 1 5 
variant macrophages compared to wild-type. A sim- 
ilar effect of augmented NFkB activity and ex- 
pression of pro-inflammatory cytokines was seen 
in the colons of dextran sodium sulphate (DSS) 
treated 302oinsC mutated mice [113]. DSS disrupts 
the epithelial barrier allowing bacterial exposure of 
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resident lamina propria macrophages. Concurrent 
DSS and antibiotic treatment of the mice negates any 
differences between CARD 15 variant and wild-type 
mice and overall inflammation is much attenuated 
[113]. Co-administration of DSS and IL-i receptor 
antagonist also resulted in attenuation of the inflam- 
matory response [113]. This is consistent with the 
finding of raised intestinal IL-i in IBD and a relative 
deficiency of the naturally occurring IL-i receptor 
antagonist, suggesting a potentially important role 
of this cytokine in CD [114]. Kobayashi and col- 
leagues [nz], in the same edition of Science, gener- 
ated CARD 1 5 knockout mice and challenged them 
consecutively with intravenous, intra-peritoneal and 
intra-gastric Listeria monocytogenes. No differ- 
ences were seen between the knockout and wild-type 
mice for the intravenous and intraperitoneal routes. 
However, intragastric L, monocytogenes resulted in 
a significantly increased number of bacteria recov- 
ered from the liver and spleens of the knockout mice 
suggesting a central role for CARD 15 in preventing 
enteric bacterial infection [112]. It has recently been 
demonstrated that in MDP-stimulated primary hu- 
man peripheral blood mononuclear cells, CARD 15 
mutations result in defective CARDi5/toll-like re- 
ceptor pathways and CARD15/IL-8 neutrophil re- 
cruitment [115], providing a putative mechanism 
for this abnormal bacterial clearance. 

A recent report in the haematology literature 
demonstrated the involvement of CARD 15 muta- 
tions in graft-versus-host disease (GvHD) follow- 
ing allogeneic bone marrow transplantation. Clin- 
ically gastrointestinal GvHD is associated with a 
poor prognosis [116]. Experimental data suggests 
that the gastrointestinal tract is central to the patho- 
genesis of GvHD and that translocated bacteria 
through the damaged epithelial barrier result in 
massive cytokine release from macrophages and 
an augmentation of systemic disease [117]. Holler 
et al. [116] showed that the cumulative incidence 
of GvHD was greatest if both donor and recipient 
harboured CARD 15 mutations with the lowest in- 
cidence if both were wild-type. If one or other of 
the donor or recipient harboured the mutations then 
the cumulative incidence was at a middle point be- 
tween wild-type and combined donor and recipient 
mutants. 



CARD 1 5 expression has been demonstrated in 
Paneth cells [118], which are specialised intestinal 
epithelial cells found throughout the small intestine 
but most highly concentrated in the terminal ileum 
[119]. They secrete a variety of antibacterial prod- 
ucts, including a-defensins, and play an important 
role both in gut flora homeostasis as well as pro- 
viding protection against enteric pathogens [119, 
120]. In mice, CARD 15 is also expressed in ter- 
minal ileal Paneth cells [112.]. In Kobayashi and 
colleague's mouse knockout model, gene expres- 
sion using micro-array analysis was measured be- 
fore and after intra-gastric Listeria infection. The 
most striking finding was a constitutively low ex- 
pression of a subgroup of cryptidins (a-defensins in 
humans) in the knockout mice compared to wild- 
type, which further reduced following Listeria in- 
fection [112]. This supports human data demon- 
strating that Paneth cells from NOD 2 mutated CD 
patients show decreased a-defensin 5 expression 
[111], The role of the Paneth cell in the aetiopathol- 
ogy of CD is becoming increasingly apparent and 
provides a convincing explanation for the prepon- 
derance of CD in the terminal ileum. 

The exact mechanism by which CARD 15 mu- 
tations are involved in the pathogenesis of CD re- 
mains to be elucidated. However, recent functional 
data has significantly advanced our understanding. 
These studies suggest that abnormal bacterial sens- 
ing through impaired MDP/CARD 1 5 interaction re- 
sults in defective enteric bacterial clearance. This 
increased susceptibility to enteric infection is me- 
diated through abnormal innate immune responses 
and subsequent defective adaptive immunity. This 
abnormal immune response to pathogenic bacte- 
ria may also hold true for non-pathogenic bacteria. 
A breakdown in immune tolerance to the normal 
enteric flora by defective bacterial sensing and ep- 
ithelial invasion could result in the chronic inflam- 
mation seen in CD. 



IBD3: the HLA and IBD 

There have been a large number of serological and 
molecular association studies implicating the classi- 
cal HLA class I and II molecules in the pathogen- 
esis of IBD. A meta-analysis of a combination of 
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29 serological and genetic HLA studies demon- 
strated significant positive associations between 
DR2 (subtype DRBi*i502), DR9 and DRBi*oi03 
with UC and DRB 3 *o30i, DR 7 and DQ4 with CD. 
Negative associations were demonstrated for CD 
with DR2 and DR3 [122]. A later study by Ahmad 
et al. [50] supported these findings and demon- 
strated a protective effect of the HLA haplotype 
DRBi*040i-DQBi*030i for UC. 

The HLA class III region harbours many genes 
that are important in the immune response and in- 
cludes several excellent IBD candidate genes. Rather 
tantalisingly, in a linkage analysis of a Northern 
European cohort the tumour necrosis factor-a 
(TNF-a) gene was close to the peak of linkage [20]. 
Five functional SNPs in the TNF-a and the related 
lymphotoxin-a (LTA) (important in the develop- 
ment of oral tolerance [123]) genes were therefore 
tested in an association analysis [20]. Disappoint- 
ingly, no associations were found despite the good 
evidence for the involvement of TNF-a in the patho- 
genesis of IBD [124-127]. The authors speculated 
that variations in TNF-a act as modulators in the 
inflammatory response rather than predisposing to 
IBD [20]. A variety of other studies have looked 
for associations between TNF, LTA and the heat 
shock proteins (known to be upregulated in IBD), 
although results have generally been inconsistent. A 
family based association study by van Heel et al. 
[128] looked at the common TNF promoter poly- 
morphisms TNF-1031T/C, -863C/A, -857C/T and 
-308G/A. An association was found with the com- 
mon TNF-857C allele and both UC and the com- 
bined IBD phenotype but not with the other mu- 
tations. Interestingly, after stratification there was 
significant association between this mutation and 
CD in patients who were CARD 15 negative [128]. 
This finding is rather contradicted by an Australian 
study that found the strongest association of TNF- 
857C and CD in patients with CARD 15 risk alleles 
[129]. Functional studies have shown that the TNF- 
857C mutation reduces inhibitory OCTi binding to 
NFkB thereby providing a possible mechanism for 
its role in IBD [128]. In contrast to van Heel and 
colleagues' study, others have shown significant as- 
sociations between the TNF-1031T/C [130, 131], 
-308G/A [132] mutations and CD. 



Although the classical HLA regions have been 
the most intensely studied, there is a growing body 
of evidence of important IBD associations with the 
non-classical HLA class I region. Of particular in- 
terest in this region is the MIC gene family. MICA 
and MICB encode stress inducible glycoproteins ex- 
pressed on various epithelial cells and intestinal cells 
and are important in the activation of both the in- 
nate and adaptive immune system [133]. A small 
Japanese study by Seki et al. [134] showed an as- 
sociation between the MICA A6 variant and UC. 
However, this finding was not replicated in a slightly 
larger German study [135]. Although differences in 
statistical power between the two studies might be 
responsible for this lack of replication, ethnic dif- 
ferences may play an important role. There is cer- 
tainly significant ethnic variation in IBD associa- 
tions across the HLA region. This is exemplified 
by the classical DRBF1502 allele, which is most 
strongly associated with UC in Japanese populations 
[ 1 3 6, 1 3 7] . A study by Ahmad et al. [ 1 3 3 ] genotyped 
UC, CD and ethnically matched controls for 46 of 
the 54 MICA alleles, all 17 MICB alleles as well 
as micro-satellite genotyping of the exon 5 variable 
number of tandem repeats. No significant disease 
associations were found [133]. 

Progress towards finding disease-associated 
genes in this region is a challenge and is 
hampered by the low genotype relative risk of IBD- 
associated HLA alleles reducing statistical power 
[138], the complex linkage disequilibrium in the re- 
gion [139] and the fact that there may be more than 
one susceptibility gene [140]. 

IBD3: HLA variants and phenotype 

A variety of genotype/phenotype associations have 
been described both for individual allelic vari- 
ants and for haplotypes. The relatively rare HLA- 
DRBi *oi03 allele is associated with pure colonic 
disease in CD patients [74, 141] and extensive 
and severe disease requiring colectomy in UC pa- 
tients [50, 51, 142-144]. However, its low allele 
frequency in the population limits its usefulness 
in disease prediction but does raise the interest- 
ing idea of a common molecular mechanism for 
colonic IBD. Ahmad and colleagues showed that 



ROLE OF GENETICS IN INFLAMMATORY BOWEL DISEASE 23 



a classical HLA autoimmune haplotype (A1-B8- 
DR3), associated with immunopathology in other 
diseases, was associated with colonic CD [74]. The 
TNF-308A risk polymorphism found in this hap- 
lotype was also associated with colonic CD in a 
study from Belgium [145]. Homozygotes for a TNF 
promoter polymorphism haplotype (TNF -103 iT, 
-863C, -380G, -238G) that results in reduced 
gene transcription is associated with stable distal 
UC [50]. The MICA*oio and DRB*oio3 alleles 
have both been associated with perianal disease 

[74l- 

There have been several associations between 
HLA variants and extra-intestinal manifestations 
(EIMs) of disease. Type I peripheral arthropa- 
thy (migratory, pauciarticular, large joint arthri- 
tis linked to IBD relapse and other EIMs) is as- 
sociated with HLA-B*27 and the linked alleles 
B*35 and DRBi*oi03, whilst type II peripheral 
arthropathy (chronic symmetric, small joint arthri- 
tis unrelated to disease activity) is associated with 
HLA-B*44 [146]. Positive associations have also 
been found for HLA-B*27 and DRBi*oi03 with 
uveitis, and TNF-1031C with erythema nodosum 
[147]. Many other genotype/phenotype associations 
have been described, although all lack convinc- 
ing replication reflecting the problem of identify- 
ing genes in a region where there is marked linkage 
disequilibrium. 

IBD5: ethnic heterogeneity and 
phenotypic associations 

A variety of studies from North America and 
Europe have replicated the association between the 
IBD5 risk haplotype and CD [55-58, 148]. How- 
ever, there is evidence of ethnic heterogeneity at 
this locus. The IBD-risk haplotype is extremely rare 
in the Japanese [58] and Newman and colleagues 
[61] recently showed that the SLC22A-TC haplo- 
type was less associated with CD in Jewish com- 
pared to non-Jewish patients. 

There have been several studies that have shown 
genotype/phenotype associations with the IBD 5 lo- 
cus. Armuzzi and colleagues [57] looked for a 
variety of associations between the IBD 5 risk hap- 
lotype in both CD and UC cohorts. An association 



was demonstrated between this haplotype and pe- 
rianal CD with a three- fold increase seen in ho- 
mozygotes. Homozygosity for this risk-haplotype 
has also been associated with early onset of dis- 
ease [148] although this was a finding not repli- 
cated by Armuzzi et al. [57]. Newman et al. [61] 
recently reported, in patients homozygous for the 
SLC22A-TC haplotype, a significantly increased 
risk of terminal ileal disease (OR 2.42). This effect 
was lost in patients heterozygous for this haplotype. 
The combination of the SLC22A-TC haplotype 
and CARD 1 5 mutations substantially increased the 
risk of terminal ileal disease (OR 4.61) to a level 
greater than each risk genotype alone. No associa- 
tion was seen for perianal disease and this haplotype 
[61]. 

IBD genetics: translation to 
clinical practice 

The rapidly moving field of IBD genetics has un- 
doubtedly improved our understanding of a num- 
ber of aspects of the pathogenesis of CD and UC, 
although perhaps more questions have been raised 
than answered. From a clinical standpoint the field 
is still in its infancy with the impact of many of 
these molecular discoveries unlikely to be felt in 
mainstream practice for several years. It is intriguing 
to speculate how the common CARD 15 mutations 
may play a role in disease prediction and outcome. 
Apart from robustly predicting both early disease 
onset and localisation to the ileum other associa- 
tions such as disease behaviour, outcome of ther- 
apy, need for surgery and occurrence of EIMs have 
been inconsistent. Vermiere and colleagues [149] 
looked at the usefulness of CARD 15 mutations in 
patients with indeterminate colitis and their ability 
to predict final disease phenotype. Their data re- 
vealed a disappointingly low specificity (77.6) and 
positive predictive value (7.1%) for patients with 
CARD 1 5 variants eventually developing the CD 
phenotype, although numbers were rather small to 
draw definite conclusions [149]. Despite a variety 
of genotype/phenotype associations within the HLA 
region the lack of consistency and relatively low al- 
lele frequencies of disease-associated mutations are 
at present a barrier to any clinical application. 
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Pharmacogenetics 

A field that does show some promise in current clin- 
ical practice is that of pharmacogenetics. The de- 
velopment of new therapeutic targets as a result of 
understanding the molecular mechanisms underpin- 
ning IBD is the pharmacogenetic goal. However, 
by far the greatest clinical impact at present and 
for the foreseeable future is in predicting response 
and side effects of current pharmacotherapies. This 
is exemplified by thiopurine S-methyltransferase 
(TPMT) polymorphisms and azathioprine (AZA)/ 
6-mercaptopurine (6-MP) toxicity. The therapeu- 
tically active metabolites of these compounds are 
the 6-thioguanine nucleotides (6-TGNs) whose pro- 
duction is limited by xanthine oxidase and TPMT. 
Xanthine oxidase is absent in haematological tis- 
sue and therefore there is no secondary pathway 
to prevent high levels of myelotoxic 6-TGNs if the 
TPMT pathway is defective. Several TPMT vari- 
ants that cause reduced enzymatic activity have been 
identified of which TPMT* 2 and TPMT* 3 A are 
the most common [150-152]. Genotyping patients 
for alleles that confer reduced TPMT activity pro- 
vides a way of identifying homozygotes who are 
likely to develop severe myelotoxicity on receiving 
AZA/6-MP and heterozygotes who may require a re- 
duced dose. However, the majority of patients who 
develop myelotoxity do not have an enzyme altering 
TPMT polymorphism, suggesting that other unre- 
lated mechanism have a greater influence on haema- 
tological side effects [153]. Because only 0.3% 
of the general population are homozygotes, for 
these polymorphisms it is questionable whether rou- 
tine genotyping for these variants prior to starting 
thiopurine therapy should become standard clinical 
practice [154]. 

Methotrexate (MTX) provides an alternative 
to AZA/6-MP in patients who have either not 
been able to tolerate them or have shown poor 
response. Although the therapeutic mechanism of 
action of MTX is poorly understood, its metabolism 
is better delineated. A variety of polymorphisms 
have been identified in genes encoding components 
of the metabolic pathway. A study by Laverdiere 
et al. [155] showed that a polymorphism in the 
reduced folate carrier gene (RFCi) was associated 



with higher plasma MTX concentrations. Polymor- 
phisms in the folypolyglutamase hydrolase (FPGH) 
gene, an enzyme that is important in the cellular 
efflux of MTX, has been associated with reduced 
enzyme activity [156]. MTX may exert therapeutic 
effect partly by diminishing reduced folate stores. 
Methylenetetrahydrofolate reductase (MTHFR) is 
vital in folate homeostasis and polymorphisms in the 
MTHFR are associated with MTX efficacy [157- 
159] and toxicity [159, 160]. A recent association 
study from Oxford looked at polymorphisms in the 
RFCi, FPGH and MTHFR genes and their effect on 
MTX efficacy and toxicity in IBD patients. A signif- 
icant association was found between the MTHFR 
1298C variant and MTX toxicity, particularly nau- 
sea and vomiting, but no association between any 
of these polymorphisms and efficacy was observed 
(Herrlinger K., 2005. Unpublished data). 

Remission of active IBD is often effectively 
achieved with glucocorticoid therapy. However, 
some patients either do not respond to steroids 
or become dependent on them to prevent disease 
re-activation. Several mechanisms have been impli- 
cated in steroid responsiveness. There has been great 
interest in the multi-drug resistance 1 (MDRi) and 
the related transporter of antigenic peptide 2 (TAP2) 
genes. MDRi encodes a drug efflux pump found 
on both lymphocytes and intestinal epithelial cells 
that actively transports glucocorticoids and several 
other drugs out of the cell [161]. Farrell and col- 
leagues [162] found that increased MDR expres- 
sion in peripheral blood lymphocytes was associ- 
ated with the need for surgery in both CD and 
UC. A variety of polymorphisms have been iden- 
tified in the MDRi gene of which the C343 5T vari- 
ant has been the most thoroughly investigated and 
has been associated with UC [163]. However, stud- 
ies investigating both this and other polymorphisms 
in the MDRi gene have been disappointingly in- 
consistent. An interesting study by Heresbach et al. 
[164] showed that steroid unresponsiveness in CD 
patients was associated with SNPs in the TAP2 gene. 
Another important site of glucocorticoid resistance 
is the glucocorticoid receptorp. Steroid refractory 
UC is associated with a splice variant of the re- 
ceptor that results in reduced signal transduction 
[165]. 
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5 -Aminosalicylates (5-ASA) have an impor- 
tant role in the maintenance of remission of UC. 
The acetylation of 5-ASA is catalysed by N- 
acetyltransferase 1 (NATi) in the intestinal mu- 
cosa. Sulfapyridine is a toxic metabolite of sul- 
phasalazine following breakdown by gut bacteria 
and is metabolised by NAT2 in the liver. Several 
polymorphisms have been identified in the genes of 
both of these enzymes but to date no associations 
have been found between these mutations and 5- 
ASA efficacy or sulfasalazine side effects [166]. 

The relatively novel anti-TNF monoclonal 
antibody infliximab has become rapidly estab- 
lished in the therapeutic armoury of CD with 
the original study by Targan et al. [127] show- 
ing a remission rate of 33% following a single 
dose. Infliximab's primary mechanism of action 
may be the induction of apoptosis by binding to 
transmembrane TNF on activated immune cells. 
This apoptotic effect is not seen with etanercept 
and perhaps explains its lack of efficacy in CD 
[167]. Unsurprisingly, molecular studies of inflix- 
imab efficacy have focused on the TNF gene and 
closely approximated regions. A North American 
study [168] found that the TNF micro-satellite hap- 
lotype n-4-1-3-3 showed a trend towards a reduced 
response to infliximab. The same group then geno- 
typed SNPs in the LTA and promoter of the TNF 
gene and found that patients who were homozygous 
for the Ncoi-TNFc-aai3L-aa26 i-i-i-i haplotype 
did not respond to infliximab [168]. Despite the 
attraction of TNF polymorphisms playing a pivotal 
role in infliximab efficacy there have been very few 
studies with positive associations. A large multi- 
centre study looked at multiple SNPs in the TNF 
promoter and TNF receptor genes and showed a 
lack of association with infliximab response [131]. 
The lack of association at the TNF-308 position 
found in this study was replicated in a Belgian cohort 
[169]. This failure to demonstrate an association 
between clinical response and TNF polymorphisms 
is perhaps not surprising due to infliximab's pre- 
dominately apoptotic effect on lymphocytes rather 
than as an anti-TNF agent. There have been more 
than 70 other biologic agents evaluated in IBD. 
Recently, promise has been shown for the fully 
humanised anti-TNFa monoclonal antibody, Adal- 



imubab. Shen and colleagues demonstrated both 
monocyte apoptosis and IL-10 and IL-12 down- 
regulation with this agent [170]. It appears that 
there is a role for Adalimubab in CD patients who 
either cannot tolerate or have had a loss of response 
to infliximab [171]. It waits to be seen how genetic 
polymorphisms influence these newer agents. 



Conclusions 

Molecular genetics is rapidly gaining centre stage in 
many fields of medicine and IBD is no exception. 
Since the first IBD genome-wide scan in 1996 and 
the subsequent discovery of CARD 15 there have 
been numerous studies revealing a multitude of dis- 
ease associations. The identification of many sus- 
ceptibility loci has both confirmed the polygenic 
nature of IBD and has provided broad regions 
for further detailed studies. Despite the limitations 
of case-control studies several important genotype/ 
phenotype associations have been discovered with 
the promise of a more valid molecular rather than 
clinical classification of disease. The ultimate goal 
will be to individualise patient care based on a ge- 
netic profile providing accurate information for di- 
agnosis, prognosis and treatment. The unravelling 
of this complex field is still in its formative years, but 
at the current pace real clinical application should 
not be far off. 
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3: Microbial sensing in the intestine by pattern 
recognition receptors 

Robin G. Lorenz and Charles O. Elson 



Introduction 

The human intestine (small and large) is composed 
not only of mammalian epithelial cells and leuko- 
cytes, but also a complex community of microbiota. 
These three components have developed complex 
inter-relationships that are not well understood [i]. 
Recent studies on germ-free mice and zebrafish have 
shown that the intestinal microbiota modulate a 
wide range of gastrointestinal functions, such as 
nutrient processing and absorption, maturation of 
the intestine and stimulation of the mucosal im- 
mune system [2-5]. However, until recently it has 
been unclear how the host is able to sense the pres- 
ence of these microbiota and trigger the many genes 
required for intestinal development. The answer ap- 
pears to lie in the recent discovery of several fam- 
ilies of molecules known as pattern recognition re- 
ceptors. Both intestinal epithelial cells, as well as 
mucosal immune cells express a number of such 
pattern recognition receptors (PRR) [6]. These re- 
ceptors recognise conserved patterns of molecules 
unique to microbes, termed microbe- (or pathogen)- 
associated molecular patterns (MAMPs). There are 
multiple types of PRRs, including the family of 
transmembrane toll-like receptors (TLRs), the fam- 
ily of cytosolic nucleotide-binding oligomerisation 
domain proteins (NOD) and phagocytic receptors 
(scavenger receptors, mannose receptors and beta- 
glucan receptors). In animal models TLRs appear 
to play a critical role in intestinal epithelial home- 
ostasis and protect the intestine from epithelial in- 
jury, although NODs appear to detect intracellular 
bacterial products [7-1 1]. Stimulation of TLRs and 



NODs by microbial components triggers signalling 
via a number of adaptor molecules, resulting in the 
activation of NF-kB, which in turn induces expres- 
sion of inflammatory cytokines (Fig 3.1) [12]. This 
chapter will focus on the expression and function 
of TLRs and NODs in human and murine intestine 
and discuss how these molecules may play a role in 
the resistance or susceptibility to intestinal inflam- 
mation. 



TLR-intestinal expression and function 

The intestinal epithelial cell not only presents a phys- 
ical barrier to luminal microbiota, but also has the 
ability to sense the presence of microbiota through 
TLRs [13] (Table 3.1). Although the functional role 
of TLRs on intestinal epithelial cells is not under- 
stood, intestinal epithelial cells express several mi- 
crobial sensors in vivo and in vitro, such as TLR2, 
-4, -5 and -9, which may play a role in the ep- 
ithelial response to intestinal microbiota [17-21]. 
In the normal intestine, expression of these micro- 
bial sensors appears to be restricted to niches where 
exposure to microbiota would be controlled. TLR4 
expression is restricted to epithelial cells at the bot- 
tom of crypts and TLR5 expression may be limited 
to the basolateral surface of intestinal epithelia, al- 
though that is disputed [21-23]. I n addition, it has 
been reported that human intestinal epithelial cells 
are unresponsive to TLR2 ligands [24]. However, 
this limited exposure to microbiological products 
appears to be lost in the inflamed intestine. The lev- 
els and pattern of expression of TLR4 have clearly 
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Receptor-interacting 
Fi protein 2 



Active NF-kB 



Fig 3.1 Intestinal pattern recognition receptors and their probable pathways. Microbial products (small circles) traversing 
the epithelium are detected by a variety of cell surface receptors for microbial products, such as the toll-like receptors 
(TLR) and by intracellular microbial pattern recognition receptors (PRR) such as NODi and NOD2. Ligand binding to 
PRR receptors induces a cascade via a variety of adaptor proteins, resulting in the activation of the nuclear factor-kappa B 
(NF-kB) complex. Cytokines such as IL-i(5 and TNFcxuse a similar but distinct signalling pathway. 

TNFoc, tumour necrosis factor alpha; TNF-R, tumour necrosis factor alpha-receptor; IRAK, IL-i receptor associated 
kinase; TRAF6, TNF receptor associated factor 6; MyD88, myeloid differentiation factor 88; RIP2, receptor-interacting 
protein 2; IKK, inhibitor of kappa B kinase kinase; IkB, inhibitor of kappa B; NF-kB, nuclear factor of kappa B; NOD2, 
nuclear binding and oligomerisation domain protein 2 (reprinted with permission from Elson CO. New Engl J Med 
2002;346:614-6). 
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Table 3.1 


Pattern 


recognition receptors and their ligands. 










Expression in 








primary colonic 


PRR 




Ligand(s) [6, 14, 15] 


epithelial cells [16] 


TLRi 




Bacterial lipopeptides 


+ 


TLR2 




Bacterial peptioglycans, zymosan and lipopeptides 


+ 


TLR3 




Viral dsRNA 


+ 


TLR4 




Bacterial lipopolysaccharide (LPS), heat shock protein 60 


+ 


TLR5 




Flagellin 


+ 


TLR6 




Mycoplasma lipopeptide 


+ 


TLR7 (murine) 


Viral ssRNA 


+/- 


TLR8 (hi 


iman) 


Viral ssRNA 


+ 


TLR9 




Unmethylated CpG DNA (bacterial and viral) 


+ 


TLR10 




J 


- 


TLR11 




Uropathogenic bacteria 


? 


NOD 1 




GM-trioAP 


+ 


NOD2 




Muramyldipeptide (MDP) 


+ 



been demonstrated to change dramatically in the in- 
flamed intestine, where TLR4 RNA levels are in- 
creased and expression is no longer limited to crypt 
cells [18, 21, 25]. In addition, the response to TLR5 
ligands is enhanced in multiple murine models of 
IBD, as well as in human patients [26]. The mech- 
anisms that drive these changes in the expression 
and response of epithelial microbial sensors are not 
clear. TLR4 clearly traffics to cytoplasmic compart- 
ments in polarised intestinal epithelium and the im- 
portance of internalised LPS has been recently recog- 
nised in intestinal epithelial cells, because prevention 
of LPS internalisation significantly impairs its recog- 
nition by epithelial cells [20, 23]. In addition, the 
recent identification of epithelial NOD2, an intra- 
cellular protein that recognises muramyl dipeptide, 
further implicates intracellular recognition of micro- 
bial products by sensors in epithelial cells as critical 
in IBD [27-31]. 

TLRs are also expressed on innate immune cells, 
as human neutrophils express TLRi, TLR2 and 
TLR4 through TLR10 [32]. In addition, TLRs have 
distinct expression patterns on monocytes and den- 
dritic cell (DC) subsets, with human monocytes pri- 
marily expressing TLRs 1, 2, 4 and 5, while human 
myeloid DCs express TLRs 1, 2, 3 and 5 [7]. Mouse 
DCs express TLRs 1, 2, 4, 6, 8 and 9, but not 
TLR3, a notable difference from the human system. 



In addition, both mouse and human DCs are unre- 
sponsive to LPS, suggesting that the immunoinflam- 
matory properties of LPS are mediated by alterna- 
tive cell populations [7]. Stimulation of DCs through 
TLRs results in cytokine secretion and renders them 
able to activate T cells. 

TLRz. Several TLRs are constitutively expressed at 
low levels on intestinal epithelial cells in vivo, in- 
cluding TLR2 in the proximal colon. However, ex- 
pression does not directly translate into functional 
recognition of bacterial products by intestinal ep- 
ithelial cells. For example, intestinal epithelial cells 
have been shown to be unresponsive to TLR2 lig- 
ands, probably due to the low expression of the 
TLR2 co-receptor TLR6 [24]. 

TLR4. TLR4 is expressed in colonocytes in the dis- 
tal colon and has previously been demonstrated on 
the surface of macrophages and dendritic cells and 
in crypt epithelial cells of the murine small intes- 
tine [21, 33]. The latter anatomical site is relatively 
protected from the luminal microbiota and such 
sequestration might be one mechanism by which 
the TLR4 ligand LPS does not continuously cause 
activation in the intestine. However, it has now 
been demonstrated that intestinal epithelial TLR4 
is predominantly found in the Golgi apparatus, in 
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contrast to cell surface expressed TLR4 in myeloid 
cells [2.0]. LPS stimulation of the TLR4 in this in- 
tracellular location is critical for the function of 
TLR4 in intestinal epithelial cells, because preven- 
tion of LPS internalisation prevents TLR4 signalling 
[23]. Under inflammatory conditions, intestinal ep- 
ithelial responses to LPS are enhanced. One mech- 
anism of this enhanced sensitivity could be an in- 
creased expression of TLR4 [18, 21, 25]. But studies 
with human intestinal epithelial cells have demon- 
strated a second mechanism, which is augmenta- 
tion of LPS uptake and the subsequent increased 
signalling through intracellular TLR4 [34]. 

TLRy. TLR5 recognises flagellin and is present in 
the ileum and colon, but the expression pattern of 
epithelial TLR5 is currently debated in the litera- 
ture. In human T-84 colonic epithelial cell monolay- 
ers, TLR5 expression is restricted to the basolateral 
membrane, therefore implying that only microbes 
that can cross the epithelial barrier can stimulate 
TLR5 [19]. However, this pattern appears to be dif- 
ferent in the normal intestine, where TLR5 has been 
reported to also be expressed on the apical surface 
of epithelial cells [35]. The reasons for this discrep- 
ancy are not clear; however, there does appear to 
be some mechanism for controlling immune reac- 
tivity to the TLR5 ligand flagellin. Normal mice do 
not display T-cell or antibody reactivity to flagellin, 
whereas three strains of colitic mice were found to 
have elevated serological and Thi T-cell responses to 
flagellin [26]. These models were strains having dif- 
ferent MHC haplotypes and very different mecha- 
nisms underlying the predisposition to develop IBD. 
For example, the colitis in C3H/HeJBir mice is an 
IL-12-driven, Thi -mediated inflammation that can 
be transferred by CD4+ T cells [36]. This is in con- 
trast to IL-io _/_ mice, which have a defect in reg- 
ulatory T cells and FVB.mdria~ / ~ mice, which are 
believed to have epithelial barrier dysfunction. In- 
triguingly, this same reactivity to flagellins was seen 
in patients with Crohn's disease, implicating the 
TLR5 ligand flagellin as an immunodominant anti- 
gen in both human and animal models of IBD [26]. 

TLR9. TLR9 recognises a CpG oligodeoxynu- 
cleotide motif (CpG ODN) unique to bacterial DNA 



[17, 18, 20, 21]. In contrast to the diminished ca- 
pacity of normal epithelial TLR2, TLR4 and TLR5 
to respond to luminal microbiota, there is growing 
evidence that probiotic bacteria and DNA can signal 
through TLR9 on intestinal epithelial cells and that 
the latter can thereby mediate anti-inflammatory 
immune functions [37, 38]. CpG ODN are best 
known for their ability to induce the secretion of 
pro-inflammatory cytokines (e.g. IL-12 and IFNs) 
from haematopoietic cells [39]. However, it has 
recently been demonstrated that CpG ODN can 
also elicit the production of prostaglandins, such 
as PGE 2 [40, 41]. This increase in prostaglandin 
production occurs through transcriptional regula- 
tion of COX-2 gene expression and is dependent 
on the endosomal acidification/processing of CpG 
DNA, the TLR9/MyD88 signalling pathway and 
NFkB andp38 MAP kinase [42, 43]. The expression 
of TLR9 mRNA differs between humans and mice. 
It has been reported that functional TLR9 is only ex- 
pressed on B-cells and plasmacytoid dendritic cells 
(DC) in humans, although mRNA has been detected 
in NK-, NKT-, T-cells and macrophages [39, 44]. 
In mice, the expression pattern is similar, but func- 
tional TLR9 has also been reported on monocytes 
and myeloid DC [45]. TLR9 was originally iden- 
tified in 2000 as a receptor that recognised bacte- 
rial DNA [46]. The precise optimal sequence mo- 
tifs are host-species specific and in humans it is 
now clear that TLR9 can recognise at least three 
distinct classes of unmethylated CpG ODN [47]. 
For example CpG ODN of the B-class can stim- 
ulate strong B cell responses, while plasmacytoid 
DC are strongly stimulated by A-class ODN. The 
responses of epithelial TLR9 to CpG ODN classes 
have not been extensively studied; however, TLR9 
stimulation in B-cells and DCs directly upregulates 
a cytokine/chemokine cascade that directs the mat- 
uration and differentiation of NK cells, T cells and 
monocytes. 

TLR9 mediated down-regulation of pro-inflam- 
matory responses has now been demonstrated in 
several animal models of colitis. The adminis- 
tration of either CpG ODN or DNA isolated 
from probiotic bacteria inhibited the production 
of pro-inflammatory cytokines and ameliorated 
clinical and histological colonic inflammation in 
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DSS-colitis, TNBS-colitis and in IL-io _/_ mice [37, 
38, 48]. Signalling through TLR9 is essential in me- 
diating the anti-inflammatory effects of probiotic 
DNA; however, it is unclear which TLRij-expressing 
cell type is critical [38]. 

TLR mutations, infections and inflammatory bowel 
disease. TLR4 mutations have been associated with 
hypo-responsiveness to LPS in both humans and 
in animal models [49-54]. The TLR4 Asp229Gly 
polymorphism is associated with impaired LPS sig- 
nalling and increased susceptibility to gram-negative 
infections [55, 56]. This mutation is associated with 
both Crohn's disease and ulcerative colitis with a 
relative risk of 2.6 [57]. In addition, a second poly- 
morphism in TLR4, which results in impaired LPS 
signalling, Thr399ile, has also been found with in- 
creased frequency in ulcerative colitis patients [58]. 
The importance of host recognition of microbial 
products in the control of inflammation is also rein- 
forced by the recent report of an increased frequency 
of polymorphisms of the TLR9 gene (-1237 C/T) 
in patients with Crohn's disease [59]. Conversely, 
TLR2 polymorphisms predispose people to staphy- 
lococcal infections, leprosy and tuberculosis and a 
TLR5 polymorphism is associated with susceptibil- 
ity to legionnaires' disease, but no association with 



inflammatory bowel disease has been reported for 
either TLR2 or TLR5 [60-64]. 

NOD-intestinal expression and function 

NODi and NOD2 represent a second group of pat- 
tern recognition receptor molecules [65-67]. NODi 
and NOD2 share a common feature, namely the 
presence of a nucleotide-binding oligomerisation 
domain (NOD), which is also shared by a num- 
ber of molecules of diverse function, the so-called 
'NOD family'. NODi and NOD2 resemble the R 
factors in plants that confer resistance to infection 
and thus are biologically ancient, although relatively 
new to us. NOD2 has two copies of an amino termi- 
nal CARD domain (caspase activation and recruit- 
ment domain), whereas NODi has one CARD do- 
main (Fig 3.2). CARD domains are found in some 
proteins that mediate apoptosis, although it remains 
to be seen whether NODi or NOD 2 function in an 
apoptotic pathway. The official nomenclature has 
named NODi as CARD4 and NOD2 as CARD15 
but the NOD designation is still commonly used. 
Activation of either NODi or NOD2 causes them 
to physically associate with an adapter protein RIP2 
via CARD-CARD interactions. RIP2 then interacts 
with IKKy triggering the NF-kB signalling pathway. 



Molecule 



Domain structure 



Ligand 



NOD1/CARD4 



NOD2/CARD15 
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Fig 3.2 Domain structure and ligands of NODi and NOD2. The major differences are that NODi has one CARD 
domain whereas NOD2 has two. In addition NODi has 9 LRR regions whereas NOD2 has 10. The mutations in NOD2 
resulting in enhanced susceptibility to Crohn's disease are all in or adjacent to the LRR domain as shown; the most distal 
mutation results in truncation of the tenth LRR region. Both NODi and NOD2 recognise similar but distinct 
muropeptides, which are bacterial peptidoglycan degradation products. The ligand specificity of NODi is for GM-tri DA i> 
that is present in gram-negative bacteria plus some bacillus species, but not most gram-positives. The minimal ligand 
recognised by NOD2 is muyramyl dipeptide or MDP, which is present in both gram-positive and gram-negative bacteria. 
GM-tri DA p, N-acetylglucosaminyl- N-acetyl muramyl- L-alanine-y-D-Glu-meso- diaminopimelic acid; MDP, N-acetyl 
muramyl- L-alanyl- D- isoglutamine. 
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Thus, the end result of the bacterial ligand-NOD in- 
teraction is similar to that of the TLRs, albeit using 
different adapter proteins ( Fig 3 . i ) . In f act, the NOD 
and TLR pathways may interact via RIP2 in that 
TLR ligands elicit lower responses in RIP2 knock- 
out mice [68]. 

What is the function of NODs? The presence of a 
leucine-rich repeat region in NODi and NOD sim- 
ilar to that seen in the TLRs initially raised the sus- 
picion that these molecules might serve as pattern 
recognition receptors. NODi and NOD2 are ex- 
pressed in the cytosol, rather than the cell surface 
and thus are localised optimally to detect intracellu- 
lar bacterial products. Indeed, the original descrip- 
tion of NOD2 demonstrated that a crude prepara- 
tion of lipopolysaccharide introduced into the cy- 
tosol was detected by NODs, which then activated 
NF-kB [69]. Subsequent studies have shown con- 
vincingly that the ligand is not lipopolysaccharide 
but rather is bacterial peptidoglycan, another cell 
wall constituent present in bacteria. The NODs ap- 
pear to recognise small muropeptides that are break- 
down products of peptidoglycan [9, 10]. The min- 
imal ligand for NODi is GM-trioAP that is present 
in gram-negative bacteria plus some gram-positive 
bacillus species. In contrast, the minimal ligand for 
NOD 2 is muramyldipeptide, which is expressed in 
both gram-positive and gram-negative bacteria (Fig 
3.2). Both these ligands are known to have adju- 
vant function for the induction of immune responses 
and this action is presumably mediated by activa- 
tion of NODi or NOD2 in antigen presenting cells. 
NODi has been shown to play a key role in de- 
tecting invasive gram-negative bacteria in epithelial 
cell lines in vitro [11]. Interestingly, the expression 
of NOD 2 in intestinal epithelial cells confers re- 
sistance to Salmonella infection of those cells [70]; 
the mechanisms by which NOD2 accomplishes this 
remain to be defined. Although the NODs are ex- 
pressed intracellularly and the TLRs on the cell sur- 
face, NODi has been shown to be able to detect 
extracellular bacteria such as H. pylori which can 
inject bacterial products into cells via a type 4 se- 
cretion apparatus [71]. In turn, TLRs can detect 
bacterial ligand within endosomes or phagolyso- 
somes within the cells [72]. Thus, this distinction 



between extracellular and intracellular sensing is not 
absolute. 

Cellular distribution of NODi and NODz. In 
addition to the differences in binding specificity, 
NODi and NOD2 differ in their cellular distri- 
bution. NODi is expressed in a wide variety of 
cells, including intestinal epithelial cells and immune 
cells. NODi, NOD2 and a number of TLRs are ex- 
pressed by intestinal myofibroblasts that sit just be- 
low the epithelial layer; these cells may also partic- 
ipate in innate defence of the intestine [73]. NOD2 
expression is more restricted. NOD2 is expressed in 
high amounts in blood monocytes and in intestinal 
Paneth cells and in lower amounts in dendritic cells 
and IEC. The importance of these different levels 
of expression are not clear in that the amount of 
NOD2 needed for bacterial sensing in a given cell 
type is unknown. The expression of high amounts 
of NOD2 in Paneth cells was unexpected and is in- 
triguing [74]. Paneth cells are localised mainly in the 
base of the crypts in the ileum and caecum and these 
cells are known to produce and release bacteriocidal 
peptides known as defensins. 

NODi mutations and Crohn's disease. NOD2/ 
CARD 1 5 is of particular interest to gastroenterol- 
ogy because mutations in its gene confer suscepti- 
bility to the development of Crohn's disease. Three 
mutations are particularly important at conferring 
susceptibility and all are in or near the leucine-rich 
repeat domain (Fig 3.2). Individuals homozygous 
for these mutations or individuals carrying any of 
the three mutations on both NOD2 alleles, called 
compound heterozygotes, have a 20-40-fold in- 
crease in susceptibility to Crohn's disease. The mech- 
anisms by which mutations in NOD2 are able to in- 
duce Crohn's disease remain unknown. The major 
working hypothesis is that the mechanism involves 
a loss of bacterial sensing by the mutant NOD2. In- 
deed, the three major mutations occur in or near 
the leucine-rich repeat region and do appear to re- 
sult in a loss of bacterial sensing. Why NODi or 
the other TLRs would not compensate for such a 
mutation has yet to be explained. It is quite pos- 
sible that NOD 2 has functions other than bacte- 
rial sensing that have yet to be elucidated. Indeed, a 
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recent report implicates NOD2 as a negative regula- 
tor of the TLR2 pathway [75]. These studies utilised 
cells from NOD2-deficient mice, which, interest- 
ingly, have no reported intestinal pathology [76]. 
Macrophages from NODz-deficient mice, however, 
failed to respond to muramyldipeptide stimulation. 
Yet a third possibility is that the NODs may turn out 
to play some role in apoptosis that is not yet defined 
[77]. Lastly, one possible interpretation of the local- 
isation in Paneth cells is that NOD2 may play a role 
in the release of defensins by Paneth cells and that 
the mutant NOD 2 may have an impaired release 
leaving the ileocaecum more vulnerable to microbes 
[31]. This idea is difficult to reconcile with the re- 
port that there is a deficiency of Paneth cell alpha 
defensins HD5 and HD6 mRNA in the ileum of pa- 
tients with Crohn's disease and that this deficiency 
was more pronounced in patients with mutations in 
NOD2 [78]. 

7s the NODz genotype of patients clinically helpful? 
Studies on the phenotype of individuals with NOD2 
mutations have shown that these mutations are as- 
sociated with Crohn's disease of the ileum, a younger 
age at onset and perhaps the presence of stricturing 
disease. There is controversy over whether the stric- 
turing disease is an independent variable or whether 
it is simply a concomitant of the ileal localisation. 
There is no evidence that NOD 2 mutations pre- 
dict disease severity or the long-term course and 
behaviour of Crohn's disease. Patients with NOD2 
mutations respond in the same way to infliximab as 
do patients without NOD2 mutations. There are no 
data as yet on NOD 2 mutations and other thera- 
pies, but there is no reason to suspect that the re- 
sult would be different. Because NOD 2 mutations 
account for a minority of cases with Crohn's dis- 
ease and the absolute risk of developing Crohn's dis- 
ease if one is homozygote for NOD 2 mutations is 
only 3 %, at the present time there is no clinical util- 
ity for measuring NOD 2 genotype in patients, pa- 
tient families or persons suspected of having Crohn's 
disease [79]. 

The identification of NOD2 as a microbial pat- 
tern recognition receptor and is coherent with a 
large body of research in experimental animal mod- 
els of inflammatory bowel disease [80]. Many of 



these models have been generated by experiments in 
which a gene has either been deleted or transgeni- 
cally inserted. A common feature is the observation 
that the enteric bacterial flora drives intestinal in- 
flammation in virtually all of these models. Many of 
these models have features that mimic those of hu- 
man Crohn's disease and this infers that the bacterial 
flora may also drive human IBD. The discovery that 
immune reactivity to bacterial flagellins is present in 
multiple experimental models and in about half of 
patients with Crohn's disease supports this notion 
[26]. 



Summary 

Host interactions with microbes at the intestinal sur- 
face are complex and poorly understood. A concept 
that is emerging from current research is that nor- 
mal intestinal homeostasis depends on interactions 
between microbes, the intestinal epithelium and in- 
testinal immune cells. Each of these components ap- 
pears to communicate with the other two and these 
interactions may well form a self-reinforcing circuit. 
It seems likely that the TLR and NOD pattern recog- 
nition receptors participate in this dialogue between 
the commensal flora, the intestinal epithelium and 
immune cells. There will undoubtedly be much ad- 
ditional research on this topic in the coming years. 
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Introduction 

The pathogenesis of Crohn's disease (CD) and ul- 
cerative colitis (UC), the two major forms of in- 
flammatory bowel disease (IBD), involves a com- 
plex interaction between genetic, environmental and 
immunological factors, with luminal bacteria ap- 
pearing to be a significant factor in the onset and 
chronicity of inflammation in both diseases. There 
is substantial evidence that luminal microbial fac- 
tors play a critical role in the aetiology of these dis- 
eases. IBD primarily occurs in areas of the intestine 
with the highest bacterial concentration [i]. Patients 
with Crohn's disease respond to diversion of the fae- 
cal stream and suffer relapsing injury when luminal 
contents are re-introduced [z, 3]. Under normal con- 
ditions, mucosal tolerance exists towards the high 
numbers of bacteria found in the gut, that is, an im- 
mune response is not mounted against these bacte- 
ria. Patients with IBD exhibit a loss of tolerance to 
commensal micro-flora, as evidenced by enhanced 
T-cell and humoral immune responses [4, 5]. To sup- 
port this concept of a breakdown of tolerance to gut 
bacteria, van der Waaij et al. [6] have shown that in 
healthy individuals, only a small fraction of luminal 
bacteria are coated with IgA, IgG or IgM, whereas 
IBD patients with active disease have an increased 
percentage of immunoglobulin-coated faecal anaer- 
obic bacteria. This loss of tolerance may occur as 



a result of several contributing factors, including 
alterations in regulatory T-cell function, defects in 
bacterial antigen recognition, a breakdown in gut 
barrier function and/or dysbiosis in the balance be- 
tween beneficial and inflammatory microbes within 
the lumen of the gut. 

It is becoming evident that genes regulating mu- 
cosal immune responses and microbial recognition 
and defence mechanisms define the host response to 
enteric micro-flora and subsequent susceptibility to 
developing inflammatory bowel disease. The recent 
case report of a patient with Hodgkin's lymphoma 
developing Crohn's disease following allogenic stem 
cell transplantation when the donor exhibited no 
signs of clinical disease [7], is evidence that devel- 
opment of clinical disease requires both genetic sus- 
ceptibility and a particular local environment within 
the gut. The identification of NOD 2 (CARD15) as 
a susceptibility gene for Crohn's disease [8] has led 
to a new appreciation of the role of the innate im- 
mune system in the pathogenesis of inflammatory 
bowel disease. NOD2(CARDi5) is an intra-cellular 
protein that recognises and activates intra-cellular 
signalling pathways in response to muramyl dipep- 
tide (MDP), a basic component of the cell wall 
of both gram-positive and gram-negative bacteria 
[9]. NOD2 variants associated with Crohn's disease 
demonstrate altered NF-kB activation and defensin 
expression, resulting in a defective clearance of in- 
vasive bacteria [10, n]. Recent studies showing an 
association between IBD and polymorphisms in the 
toll-like receptors responsible for recognising and 
responding to bacterial lipopolysaccharide (TLR4) 
[12] and bacterial DNA (TLR9) [13] further support 
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Table 4.1 Pathogenic microbes associated with 
inflammatory bowel disease. 



Microbe 


Reference 




Bacteroides 


[14-18] 




Enterobacteria 


[19, 16] 




Butyrivibrio, Rosburia, 


[20] 




Thermotoga, Clostridium 






Adherent/Invasive E. coli 


[15, 21, 22, 


2-3> 24, 25] 


Enterococcus faecalis 


M 




Fusobacterium varium 


[27, 28] 




Listeria monocytogenes 


[29, 30] 




Helicobacter 


b 1 * 3 2 1 




Pseudomonas fluorescens 


[M, 2 5l 




Clostridia 


[16] 




Chlamydia pneumoniae 


[33] 





the concept of a link between a defective innate im- 
mune response to micro-flora and the development 
of IBD. It has been hypothesised that these defective 
responses by the innate immune system to luminal 
micro-flora could result in a failure to clear microbes 
from the mucosa and cause a subsequent chronic 
inflammatory state characterised by heightened ac- 
quired immune responses. However, the possible 
presence of pathogenic microbial strains in patients 
with inflammatory bowel disease still cannot fully 
be discounted, especially considering 30-40% of the 
colonic micro-flora still cannot be cultured and be- 
longs to undefined phylogenic groups (Table 4.1) 
[2.9, 33]- 

Commensal micro-flora 

Bacteria are found throughout the entire intestine, 
but are concentrated in the colon. The stomach 
and small intestine have a sparse micro-flora of 
approximately 10 s colony-forming units (CFU)/mL 
contents of primarily Lactobacilli sp. In the ileum, 
micro-flora concentrations increase to io 8 -io 9 , 
finally reaching io^-io 17 CFU in the colon [34]. 
It is estimated that more than 400-500 bacterial 
species are inhabitants of the human colon, with five 
genera accounting for the majority of anaerobic bac- 
teria: Bacteroides, Eubacterium, Bifidobacterium, 
Peptostreptococcus and Fusobacterium [34]. How- 
ever, the recent use of molecular techniques based 



on nucleic acid sequence comparisons suggests that 
these numbers, which are based on conventional 
culture, could be significantly underestimating both 
numbers and species diversity [35]. The typical in- 
testinal flora in humans eating a western-style diet 
consists of the following organisms, in decreasing 
order of concentration: (1) Bacteroides, Eubacteria, 
Peptostreptococci and Bifidobacteria (io^-io 11 
cfu/gm faeces; (2) Enterobacteria and Streptococci 
(io 8 -io 9 cfu/gm faeces), the former includes mainly 
Escherichia coli, with some Klebsiella and Proteus 
species; (3) Lactobacilli (io s -io 8 cfu/gm) and (4) 
Clostridia and Staphylococci. Various other facul- 
tative and aerobic bacterial strains are also found 
sporadically throughout the small and large intes- 
tine. There exist several different habitats within the 
gastrointestinal tract, which micro-organisms have 
adapted to. The endogenous flora differs between 
the small and large intestine and between right and 
left colon and rectum. Micro-organisms within the 
mucus layer of the colon are different from those in 
the lumen and from those living in close proximity to 
the surface of epithelial cells [1]. Each individual has 
his or her own unique combination of micro-flora, 
which remains stable over time. However, this large 
physiological inter-individual variation in micro- 
flora creates a challenge to the identification of or- 
ganisms potentially involved in diseases processes. 
Micro-organisms are critical for the proper de- 
velopment of a competent immune system and exert 
influence over the structural and functional devel- 
opment of the gut. Bacteria colonise the intestine 
within hours of birth, with the first organisms be- 
ing Enterobacteria and Enterococci, followed by 
colonisation with Bifidobacterium [36]. The in- 
troduction of solid food causes a major shift in 
bacterial strains colonising the colon, with a rise 
of Enterobacteria and Enterococci, followed by 
colonisation with Bacteroides spp, Clostridia and 
anaerobic Streptococci. There is evidence that early 
colonisation of the gut may be influenced by ge- 
netic make-up of the host [37] and also that the 
early colonisers can influence gene expression in the 
host to generate a beneficial environment for them- 
selves [38]. In weaned infants, children and adults, 
the composition remains relatively stable, unless 
disturbed by frequent use of antibiotics [39-41]. 
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Overall, evidence is accumulating that the compo- 
sition and activity of the intestinal micro-flora has 
a significant impact on the health of the host, due 
to its influence on the mucosal immune system and 
physiology of the intestinal tract [42, 43]. 

Factors affecting colonic micro-flora 

Numerous environmental factors influence the in- 
testinal micro-flora. Diet, infections and the use of 
antibiotics and/or other drugs can significantly alter 
the types and numbers of bacterial species present. 
In addition, several bacteria, such as Bacteroides, 
Enterobacter and Enterococcus, can release com- 
pounds that act as growth stimulators, or, con- 
versely, growth inhibitors, for other species [44]. 
Thus, the levels of particular bacterial strains in the 
colon may be regulated, in part, by the presence or 
absence of other bacterial species. Furthermore, fac- 
tors such as gastric acidity, intestinal motility, re- 
dox potential, immune status of the host and the 
presence of adherence factors can alter colonisation. 
Although ethnic origin and climate do not appear 
to be major determinants of intestinal micro-flora 
[45], geographical differences are seen in colonic 
micro-flora, although it is thought that differences 
are linked with the diets associated with the different 
regions [46]. 

Evidence from animal models 

Animal models were crucial in early experimenta- 
tion on infectious diseases, where they demonstrated 
fulfillment of Koch's postulates for disease-causing 
organisms. Although inflammatory bowel disease 
cannot at this time be explained by a simple one- 
agent-one-disease infectious model, the develop- 
ment of genetically altered animal models and the 
use of naturally occurring animal models of IBD 
have demonstrated that the luminal flora is essen- 
tial to disease expression. However, these studies 
have also shown that the interaction between the 
mucosal immune system and its often troublesome 
guests is far more complex than a traditional infec- 
tious model. 

The first of Koch's postulates states that an infec- 
tious agent should be present in all individuals with 



disease but not in healthy subjects. Micro-flora are 
present in the intestinal lumen of all normal individ- 
uals and studies in animal models of IBD demon- 
strate that the absence of luminal micro-flora will 
prevent disease expression. The absence of intestinal 
inflammation in germ-free animals genetically pre- 
disposed to inflammatory bowel disease has been 
demonstrated in multiple animal models, including 
the IL-10 and IL-2 deficient mouse models [47-49], 
the inbred SAMPi/Yit mouse [50], the HLA-B27 
rat transgenic model [14] and various chemically in- 
duced models [1, 51]. In addition, some studies have 
demonstrated a dose-response correlation between 
the load of intestinal bacteria and the magnitude 
of inflammatory bowel disease expression [52]. Al- 
though luminal flora are necessary for disease onset 
in these animal models, the severity and location of 
lesions, as well as the rate of disease progression, 
is influenced by the genetic background of the host 
and by the composition of the micro-flora [53, 54]. 
It is clear that not all bacterial species are able to 
induce inflammation [55] and, in fact, some bacte- 
rial strains are immunosuppressive [56, 57]. Inter- 
estingly, effects of bacteria also appear to be specific 
to various regions of the gut [55, 58]. In IL-10- 
deficient mice, Enterococcus faecalis [26] and some 
Helicobacter species [31, 32] but not others [59], 
induce colitis, while Lactobacillus reuteri [57], L. 
plantarum [60], L. salivarius [61], Bifidobacterium 
infantis [61] and VSL3 [62], a combination of eight 
bacterial strains, exert beneficial effects. In the HLA- 
B27 transgenic rat model, a mixture of six bacterial 
strains induced colitis [14], but the same mixture 
had relatively minimal effect in IL-10-deficient mice 
[47]. In a similar fashion, Bacteroides vulgatus in- 
duced severe colitis in HLA-B27 rats [52], but only 
very mild disease in IL-10-deficient mice [47]. In ad- 
dition to variation between mouse and rat models 
in response to defined micro-flora, there is also con- 
siderable variation in the development of colitis in 
different inbred mouse strains with the same genetic 
variance, even to the same micro-flora, indicating a 
major contribution from genetic background modi- 
fiers [53, 54]. Thus, although the exact nature of the 
interaction between the intestinal immune system 
and its resident micro-flora is far from understood, 
these and other experiments in animal models have 
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suggested several conclusions. First, certain strains 
of bacteria appear to be more likely to induce dis- 
ease than others; second, no single bacterial strain 
will consistently induce disease in all models and 
third, the host genetic background significantly in- 
fluences disease severity and progression even in the 
presence of the same bacterial strains. 

Koch's second postulate requires that an infec- 
tious organism be isolated and grown in pure cul- 
ture. However, the enteric flora contains many dif- 
ferent species of bacteria, an estimated 30-40% of 
these species have not been cultured or identified, 
and none have yet proven to be individual causative 
agents in humans. In fact, it is not known yet if live 
bacteria are necessary, or whether non-viable bac- 
terial products may be sufficient to initiate and per- 
petuate inflammatory bowel diseases. Recent work 
has shown that naked bacterial DNA can both sup- 
press [63-65] and exacerbate inflammation [66, 67], 
depending upon which bacterial strain the DNA is 
isolated from, suggesting that live organisms may 
not even be necessary. Koch's third and fourth pos- 
tulates required that the inoculation of an isolated 
organism into a healthy animal produce disease, and 
that the organism must be re-isolated from the newly 
diseased animal. Early animal experimentation in 
Crohn's disease once again suggested that inflamma- 
tory bowel disease would be a more complex model, 
when the inoculation of faecal flora from patients 
suffering from Crohn's disease into germ-free rats 
failed to produce colitis or ileitis [68]. In addition, 
in many rodent models, mucosal inflammation can 
be transferred by injecting either isolated CD4+ T 
cells or lamina propria lymphocytes derived from 
diseased animals into immune-deficient mice, with- 
out the presence of live micro-organisms [1]. 

Alterations in microbial flora in IBD 

Although no specific microbe has been conclusively 
linked with either Crohn's disease or ulcerative col- 
itis, numerous studies using both culture-dependent 
and independent molecular techniques have shown 
that significant differences exist in both diversity and 
location of bacterial species in IBD patients com- 
pared with healthy individuals [15, 19, 21, 27, 28, 
69-72]. Earlier studies using immunohistochemical 



methodology demonstrated the presence of anti- 
gens of E. coli and Streptococci in lamina propria 
macrophages under ulcers and fissures in Crohn's 
disease patients [24, 25]. In more recent studies, it 
has been reported that certain invasive E. colt strains 
with adhesive-like qualities are more likely to be 
found associated with the ileal mucosal of Crohn's 
disease patients [22, 23]. In some studies, IBD pa- 
tients demonstrated increased levels of Bacteroides 
and Enterococci and decreased Lactobacillus and 
Bifidobacterium sp., especially during periods of ac- 
tive disease [19, 22, 71]. A common finding in both 
human IBD patients [16, 73, 74] and animal mod- 
els of IBD [57] is a higher number of bacteria found 
closely associated with or adherent to the mucosa. 
Studies using 16S rDNA-based single-strand con- 
formation polymorphism and real-time PCR have 
demonstrated a reduction in bacterial diversity in 
both Crohn's disease and ulcerative colitis patients 
due primarily to the loss of anaerobic bacteria [69]. 
However, in that up to 30% of the micro-flora in 
IBD patients has been shown to belong to undefined 
phylogenic groups [19]; substantially more work 
needs to be carried out in this area to conclusively 
identify all IBD-associated micro-flora. 

Systemic immune responses to micro-flora 

Although CD4+ T cells play a central role in the 
immune perturbations of IBD, human and animal 
studies suggest that only a small number of bacte- 
rial antigens appear to stimulate pathogenic T-cell 
responses [75, 76]. Using molecular techniques, spe- 
cific reactivity to an antigen (I2) from Pseudomonas 
fluoresceins [77, 78] and to the outer membrane 
porin protein C of Escherichia coli (anti-OmpC) 
have been described with a sero-prevalence for anti- 
OmpC of 55% and anti-l2 of 50% in Crohn's 
disease [79]. Reactivity to specific bacterial flag- 
ellins from the genera Butyrivibrio, Rosburia, Ther- 
motoga and Clostridium have also been reported 
in Crohn's disease, but not ulcerative colitis [20]. 
These newly described sero-reactivities complement 
and extend previous studies examining the preva- 
lence of antibodies directed against the oligomannan 
component of Saccharomyes cerevisiae (ASCA) and 
the perinuclear component of neutrophils (pANCA) 



48 CHAPTER 4 



and their usefulness as diagnostic tools for in- 
flammatory bowel disease [80]. It appears that 
IBD patients display individual patterns of sero- 
reactivity against these bacterial antigens and can 
be grouped into subsets based upon microbial sero- 
reactivity. Given the complexity of the intestinal 
micro-flora and the heterogeneous nature of inflam- 
matory bowel disease, it is not surprising that these 
different patterns of sero-reactivity are appearing. 
A strong relationship between phenotypic disease 
expression and progression, and the presence and 
magnitude of systemic immune responses to these 
microbial antigens has been shown to exist in pa- 
tients with Crohn's disease [81, 82] and it will be in- 
teresting to determine if response to treatment also 
correlates with microbial reactivities. 

Harnessing the bacteria: pre-, pro- 
and antibiotics 

The most practical proof of principle that inflam- 
matory bowel disease represents a deranged rela- 
tionship with the enteric flora lies in the obser- 
vations that therapies aimed at modifying luminal 
microflora are beneficial. Antibiotics have been in 
widespread use for many years, so it is no surprise 
that they were some of the earlier drugs to receive 
attention as possible treatments for inflammatory 
bowel disease. Indeed, because a luminal bacterial 
flora must be present for IBD to be expressed, it is 
intuitive that long-term complete bowel sterilisation 
with antibiotics could result in clinical remission. 
Although treatment of that intensity is probably 
not realistic, selective reduction of colonic bacterial 
loads with a variety of antibiotic agents, in a va- 
riety of clinical settings, has been attempted. For 
example, metronidazole, whose specificity is pre- 
dominantly anaerobic, has demonstrated some ef- 
ficacy as primary therapy for active Crohn's disease 
alone [83, 84], or in combination with ciprofloxacin 
[85]. It has also been effective in the setting of post- 
surgical prophylaxis for Crohn's disease and pou- 
chitis following ileoanal pouch anastomosis [86, 
87]. Ciprofloxacin, whose specificity is predomi- 
nantly aerobic, has also had promising results in 
active Crohn's disease [88] and pouchitis [89]. Un- 
fortunately, research on antibiotics in inflammatory 



bowel disease has often been of poor quality and 
yielded inconclusive results, but, despite these weak- 
nesses, antibiotics remain a part of the therapeu- 
tic armamentarium for IBD [90]. Selective antibi- 
otics for IBD treatment might hold more promise 
if they were able to selectively target relatively 
pathogenic strains while sparing beneficial bacteria. 
Such a strategy remains currently in the theoretical 
realm. 

Probiotic therapy seeks to improve the disease 
course by replenishing or generating a protective 
bacterial flora. Several mechanisms have been pro- 
posed by which probiotic bacteria might exert a 
beneficial influence. First, probiotics might success- 
fully compete with more pathogenic bacteria for a 
niche in the human bowel [91, 92]. This could oc- 
cur by direct competition for a limited number of 
surface receptors, by secretion of factors toxic to 
pathogenic bacteria or by alteration of the chemical 
environment - for example, the luminal pH [93]. 
Second, probiotics might exert a beneficial effect on 
luminal immune regulation by decreasing produc- 
tion of pro-inflammatory cytokines like TNFa and 
IFN7 and increasing production of cytokines with a 
mediating effect, like IL-10 and TGF(B [57, 94-98]. 
Third, probiotics may improve epithelial defences 
against more pathogenic bacteria by enhancing ep- 
ithelial barrier function and stimulating IgA secre- 
tion [62] (Table 4.2). 

The exact mechanism through which probiotics 
exert their effects may vary depending on the organ- 
ism being harnessed for therapy. This can compli- 
cate understanding of the literature, because a wide 
range of organisms are under study. Research using 
various probiotic substances in diverse clinical set- 
tings has had understandably variable conclusions, 
but has been particularly promising in maintaining 
antibiotic-induced remission of pouchitis [56, 137]. 
Probiotic therapies have often been inventive, as il- 
lustrated by one study in which faecal enemas de- 
rived from healthy donors were administered to 
active UC patients [138]. Although the existing lit- 
erature on probiotics remains too inconsistent for 
routine use in clinical practice [139], positive expe- 
riences leave little doubt that there are physiologic 
benefits that can be gained through the use of faecal 
flora modification. 
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Table 4.2 Biologic effects of probiotic bacteria. 



Mechanism of action 



Biologic effect 



References 



Epithelial barrier 



Antibody production 
Cell mediated immunity 
Antigen presentation 



Cell signalling 

Apoptosis 

Anti-oxidative 

Adhesive properties 
Anti-microbial 
Cytokine production 



Enhanced epithelial resistance 
Enhanced phosphorylation of actinin and 

occluding 
Upregulation of MUC3 mRNA and 

secretion 
Maintenance of F-actin and transport and 

enzymatic activity 
Reduced colonic permeability 
Enhanced epithelial cell glycosylation 
Enhanced Ab production 
Enhanced phagocytic activity 
Enhanced NK activity 
Modulation of dendritic cell phenotype and 

function 
Modulation of NF-kB pathway 

Prevention of apoptosis 

Induction of apoptosis 

Enhanced survival in oxidative environment 

Inhibited linoleic acid peroxidation 

Scavenge DPPH-free radicals 

Prevention of pathogenic strains from adhering 

to epithelial cells 
Disease-specific adhesion 
Strain-specific adhesion 
Production of organic acids 
Hydrogen peroxide 
Bacteriocins 

Reduction of luminal pH 
Increased pro-inflammatory and/or 
Decreased pro-inflammatory 



[62] 
[99] 



[101] 



[102] 
[103] 
[104-116] 



[63] 
[117, 11S 

[119] 
[120] 
[121] 



[9*] 

[91] 

[122-124] 
[111, 125-130] 



[57,63,95,96, 131-136] 
[61,98] 



The newest, and perhaps most elegant experi- 
mental therapy applying faecal flora modification 
for the treatment of IBD involves prebiotics. Pre- 
biotics are substances, generally undigested carbo- 
hydrates, which selectively alter the faecal flora 
in favour of beneficial organisms, most commonly 
Lactobacillus and Bifidobacterium. They are theo- 
retically tempting because they are relatively innocu- 
ous, promote the growth of favourable colonic bac- 
teria and provide that flora with the building blocks 
required to produce beneficial substances such as 
short-chain fatty acids [140, 141]. Human studies in 
ulcerative colitis have been promising, demonstrat- 
ing that germinated barley foodstuffs can alter the 



faecal flora in a theoretically beneficial way, while 
perhaps inducing clinical improvement, but the data 
remain preliminary in nature [142-144]. 

In summary, although many therapies target- 
ing the luminal flora remain experimental, adequate 
evidence exists to conclude that the luminal flora 
plays a crucial role in inflammatory bowel disease 
expression. The continued use of molecular tools to 
identify and characterise gut micro-flora will greatly 
aid the quest to find the triggers for the develop- 
ment of disease. Furthermore, investigations aimed 
at determining the mechanisms underlying the al- 
terations in the micro-biota associated with inflam- 
matory bowel disease will likely yield new answers, 
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and have the potential to open up new and exciting 
avenues for therapy based on modifying the luminal 
environment. 
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Introduction 

The cause of ulcerative colitis (UC) or Crohn's dis- 
ease (CD) is unknown. It is generally accepted that 
the inflammatory disease is a result of a genetically 
determined unbridled immune response to an en- 
vironmental agent. The environmental agent may 
well be components of the normal gut flora or a 
'pathogen' that has been difficult to identify. On the 
other hand, the exact nature of the abnormality in 
the immune response also remains to be defined. 
Recently a number of case control studies searching 
for risk factors associated with the development of 
IBD have identified a negative association between 
previous appendectomy and ulcerative colitis. The 
implications of these observations have received fur- 
ther support from studies in mouse models of col- 
itis. The normal function of the appendix is not 
well understood, and is often considered a redun- 
dant non-essential mammalian vestige of the Bursa 
of Fabricius found in birds; yet the immune function 
of the mammalian appendix is also not clear. Yet 
the removal of the appendix early in life appears to 
decrease the risk of developing UC. In this chapter 
we will explore the epidemiological evidence sup- 
porting an association between appendectomy and 
the protection against ulcerative colitis, and then ex- 
plore some of the work attempting to define the un- 
derlying mechanism of such an association. 

Epidemiological observations 

Cohort studies suggesting a negative association 
between appendectomy and ulcerative colitis 

In order to determine if there is a possible as- 
sociation between appendectomies and the future 



development of UC, one would design a randomised 
control trial. This not being possible, we are left 
to consider data from cohort studies. Indeed, the 
concept that a negative association exists between 
appendectomies and UC was first suggested in co- 
hort studies designed to identify risk factors for the 
development of CD and UC. One of the first such 
studies was an international case control study of 
197 UC and 302 CD patients who were less than 20 
years old at the time of diagnosis. This study showed 
that only 3% of UC patients had a previous his- 
tory of having had an appendectomy, although the 
age-matched control patient population had a 10% 
incidence of previous appendectomies and this was 
statistically significant. Interestingly, this study also 
showed that CD patients had a 16% incidence rate 
of appendectomies suggesting either no association 
or an increased risk (p < 0.015) [1]. 

This study was followed by a number of case 
control studies such as the study of hygiene prac- 
tices in British children where it was shown that 
there was an association between 'hot running 
water' and CD but not UC. This study also showed 
that children who had a previous appendectomy 
had a relative risk of developing UC of 0.3 (i.e. 
a negative association) [2]. Other studies reported 
odds ratio of 59.1 for the development of UC if 
no previous appendectomy versus 2.95 if a non- 
smoker [3]. 

Attempts were then made to distinguish be- 
tween primary appendectomies (surgery for appen- 
dicitis) versus incidental appendectomies (removal 
of the appendix for other reasons). In a case con- 
trol study where UC (n = 197) and CD (n = 117) 
patients were compared to dermatology outpatients 
(«=243) there was a reduced rate of primary 
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appendectomy in the UC group (adjusted odds ratio 
0.20, p < 0.0005) but not in the Crohn's disease pa- 
tients (adjusted odds ratio 0.93). These data suggest 
that 'appendicitis' may occur less commonly than 
would be expected in individuals who go on to de- 
velop UC [4]. 

A repeat case control study using control pa- 
tients undergoing elective surgery and aimed at eval- 
uating suspected risk factors for IBD, showed that 
4.5% of UC patients reported a previous appendec- 
tomy compared with 19% of controls (OR 0.20, 
p < 0.0001). This inverse association was stronger 
for appendectomy performed before age 20 (OR 
0.14) [5]. 

A formal meta-analysis of 13 studies published 
between 1987 and 1999 was published in 2000. 
The 13 case-control studies involved 2770 patients 
with UC and 3352 controls. Combining the results 
gave an overall odds ratio of 0.307 (95% CI 0.249- 
0.377) in favour of appendectomy (p < 0.0001). 
This suggests that appendectomy gives a 69% re- 
duction in the risk of developing UC [6]. This group 
has recently updated their analysis to include four 
new studies and reported an overall odds ratio of 
0.312 (95% CI 0.261-0.373) in favour of appen- 
dectomy (p < 0.0001) [7]. 

Since these meta-analysis studies, Hallas et al. 
published a large-scale cohort study that attempted 
to define if the appendix itself has biologic effects 
that promote the development of UC. Towards this 
end, they examined a population-based cohort of 
all 234,559 persons who had an appendectomy 
performed in Denmark from 1977 to 1999. They 
calculated the standardised incidence rate of UC 
both before and after the appendectomy. If the hy- 
pothesis of a constant, confounding factor were 
true (e.g. a genetic factor), incidence rates of UC 
would be equal before and after appendectomy. If 
the incidence of ulcerative colitis were lower af- 
ter appendectomy than before, it would support 
the contention that there is a true protective ef- 
fect of appendectomy on UC. Their results showed 
that of 234,559 persons who had an appendec- 
tomy, 559 developed UC during a mean follow-up of 
17.5 years. The standardised incidence rate of ulcer- 
ative colitis was lower in the post-appendectomy pe- 
riod than in the pre-appendectomy period (incidence 



rate ratio = 0.74). Their conclusion was that ap- 
pendectomy might have a genuine protective effect 
against the development of UC [8]. 

In an interesting and provocative study, the ef- 
fect of appendectomy was studied in patients with 
primary sclerosing cholangitis (PSC) and UC. The 
phenotype of UC is different in patients with PSC. 
In this study from the Brisbane IBD Research Group 
database with controls from the Australian twin reg- 
istry patients with PSC-inflammatory bowel disease 
(PSC-IBD, n = 78) were studied alongside (12 pa- 
tients with pure PSC, 294 UC patients without PSC 
who were matched with 1466 controls). The re- 
sults showed that appendectomy rates in the PSC 
groups were not different from the control groups, 
in sharp contrast with UC where the rate was four 
times less (p = 0.0001). Prior appendectomy ap- 
peared to be associated with an approximate 5 -year 
delay in the onset of intestinal (PSC-IBD or UC) or 
hepatic (PSC) disease. Appendectomy did not inde- 
pendently alter the extent or severity of disease in 
PSC; but, prior appendectomy in UC was associ- 
ated with more extensive disease, but with a lesser 
requirement for immunosuppression or colectomy 
for the treatment of colitis. There were trends for 
high-grade dysplasia or colorectal cancer with ap- 
pendectomy in both PSC-IBD and UC. Although, 
these trends were not statistically significant, col- 
orectal cancer appeared more frequent with appen- 
dectomy in a meta-analysis of the available UC data 
from this and another Australian study, raising a 
possible concern if appendectomies were to be con- 
sidered for treatment of prevention. Nonetheless, 
appendectomy did not influence the prevalence of 
the PSC groups, or the extent of colitis in PSC- 
IBD, but as with UC, did appear to delay their 
onset [9]. 

In spite of this impressive cumulative evidence 
supporting a negative association between appen- 
dectomies and the development of UC and possi- 
bly even an influence on the natural history of the 
disease, several authors have raised a number of 
caveats. For example, in a Swedish study, the 10- 
year annual rate of appendectomy has decreased 
from 13,000 to 10,000 [10] and yet there has been 
no increase in the rate of UC during that time 
period [n]. 
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Studies suggesting that appendicitis may 
represent the risk protector 

As discussed above, Smithson et al. showed that the 
negative association between appendectomies per- 
formed for appendicitis had a stronger negative as- 
sociation with UC [4]. As a follow-up to this ob- 
servation, Andersson et al. studied a large cohort of 
112,963 patients who underwent appendectomy be- 
fore the age of 50 (between 1964 and 1993). These 
patients were identified from the Swedish Inpatient 
Register and the nationwide census. The cohort was 
followed until 1995. Patients who underwent ap- 
pendectomy for appendicitis and mesenteric lym- 
phadenitis had a low risk of UC (for patients with 
perforated appendicitis, the adjusted hazard ratio 
was 0.58; for those with non-perforated appendici- 
tis it was 0.76; and for those with mesenteric lym- 
phadenitis it was 0.57). Interestingly, patients who 
underwent appendectomy for non-specific abdom- 
inal pain did not show a lowered rate of UC (ad- 
justed hazard ratio, 1.06). For the patients who had 
appendicitis, an inverse relation with the risk of UC 
was found only for those who underwent surgery 
before the age of 20 years [11]. These findings, al- 
though supportive of the observations reported by 
Smithson et al., further suggest that the age at which 
appendicitis occurs may have a significant effect on 
the likelihood of subsequently developing UC. 

In an effort to determine if appendicitis was on 
its own a marker of a more diffuse mucosal in- 
flammatory disorder or specifically related to UC, 
Scott et al. examined surgical pathology over the 
period from 1980 to 1994. There was a 48% preva- 
lence of appendiceal inflammation in ulcerative col- 
itis. This was significantly more that the 8% inci- 
dence found in controls, but similar to that found 
in Crohn's disease (52%). Of note was the find- 
ing that the inflamed appendices from IBD patients 
tended to show histological features typical of UC or 
CD rather than acute appendicitis. Therefore, it was 
concluded that in UC and in CD, appendiceal in- 
flammation can occur as a skip lesion and histologi- 
cally resembled the colonic disease rather than acute 
appendicitis. How this serves to explain the lower 
prevalence of appendectomies in UC patients is not 
clear unless the appendiceal inflammation actually 



reflects an infective process that once removed pre- 
vents 'spread' to the remainder of the colon. This 
would not explain why there is no such negative 
association or protection with appendectomies and 
the development of CD [12]. 

Appendectomies may influence the natural 
history of ulcerative colitis 

In addition to the observed negative association 
more recent studies have begun to examine if ap- 
pendectomies might influence the severity of UC in 
those patients who go on to develop the disease. 
One of the first such studies was an Australian study 
of patients from the Brisbane Inflammatory Bowel 
Disease database. This study first confirmed the neg- 
ative association between appendectomy and UC 
(OR 0.23). Interestingly, this study found a similar 
result for CD once the bias of appendectomy at di- 
agnosis was addressed (OR 0.34). Most interesting 
was the finding that prior appendectomy also de- 
layed the age of presentation for both UC and CD. 
Furthermore, patients with UC and prior appen- 
dectomy had clinically milder disease with reduced 
requirement for immunosuppressants and procto- 
colectomy [13]. 

In a second study, 638 UC patients were in- 
terviewed between 1997 and 2000 to assess the 
severity of their disease. The study showed that the 
10-year risk of colectomy was 16% in previously 
appendectomised patients (n = 49) compared with 
33% in non-appendectomised patients (n = 589). 
This difference was statistically significant and fur- 
ther Cox regression analysis showed that pre- 
vious appendectomy and current smoking were 
independent factors protecting against colectomy 
(adjusted hazard ratio 0.40 and 0.60, respectively). 
The respective proportions of appendectomised and 
non-appendectomised patients who required oral 
steroids and immunosuppressive therapy were not 
significantly different (67% vs 70% and 27% vs 
19%, respectively). However, during the time pe- 
riod examined, the UC was active for 48% of the 
time in appendectomised patients and for 62% of 
the time in non-appendectomised patients. There- 
fore, previous appendectomy was associated with a 
less severe course of UC [14]. 
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In a companion paper to the large-scale Danish 
Cohort published by Hallas et al. the authors exam- 
ined the cases of UC identified through the Danish 
National Patient Registry during the period from 
198 1 to 1999. Of all patients with UC, 2.02 had 
an appendectomy after their first admission with 
UC. They compared the incidence rate of hospital- 
isations for a primary diagnosis of UC during the 
period between the onset of UC and appendectomy, 
with the rate of such hospitalisations after appen- 
dectomy. To adjust for the clinical course of UC 
unrelated to appendectomy, they extracted a refer- 
ence cohort (« = 808), matched to the index subjects 
with respect to age, sex and year of first admission, 
but with an intact appendix. Their results showed 
that the rates of admission to hospital due to UC 
decreased by 47% after appendectomy (RR 0.53). 
However, the reference cohort showed a similar de- 
cline in admission rate (RR 0.51). Thus appendec- 
tomy had no apparent beneficial effect on admission 
rate after adjustment for the clinical course of dis- 
ease unrelated to appendectomy (adjusted rate ratio 
1.05). Their conclusion was that appendectomy had 
no significant beneficial effect on rates of admission 
to hospital in patients with UC [15]. Although this 
study did not support an effect of appendectomies 
on the rate of hospitalisations for UC, they did not 
attempt to judge other measures of disease activity 
such as surgery or the use of immunosuppressive 
therapy. 

In spite of this impressive cumulative evidence 
supporting a negative association between appen- 
dectomies and the development of UC and possibly 
even an influence on the natural history of the dis- 
ease, the issue that remains to be resolved is defining 
the mechanism that might be involved in such an 
effect. 

Pathogenetic hypothesis 

In attempting to explain the epidemiological obser- 
vations pointing to a protective role for appendec- 
tomies in preventing UC, we can consider several 
possibilities. It is possible that appendectomies lead 
to specific alterations in the mucosal immune re- 
sponse that prevent or counteract those that are 
involved in the pathogenesis of UC. Alternatively, 



there may be alterations in the immune system of 
UC patients that lead to protection against appen- 
dicitis and therefore manifest as a lower incidence 
of appendicitis and a less frequent need for surgi- 
cal cure thereof. Lastly, we can consider the possi- 
bility that UC is driven by an appendiceal-derived 
immune response either due to abnormal immune 
cells developing there or due to an infection-driven 
appendiceal inflammation that spreads to the colon 
if not excised. Excision of the appendix would 
then have an immune-modulating effect protecting 
against UC. The hypotheses presented are difficult 
to address in humans or animal models of the dis- 
ease, although some interesting data are available 
for examination. 

The appendix 

The appendix was probably first noted during early 
Egyptian civilization (3000 bc), as the mummifica- 
tion process was one of the earliest practices that al- 
lowed for direct observations of the internal human 
anatomy. The practice was to remove abdominal 
parts and place them in Coptic jars with inscriptions 
describing the contents. Some of these jars carried 
the inscriptions that referred to the 'worm of the 
intestine.' The jars containing the internal organs 
often carried depictions of the sons of the God 
Horus and in one example the jar containing the ap- 
pendix displayed the falcon head of the God's son, 
Qebehsenuef. 

In the year 30 ce, the Roman physician Aulus 
Cornelius Celsus probably discovered the appendix 
because he was allowed to dissect criminals ex- 
ecuted by Caesar. Aristotle and Galen did not 
identify the appendix because they both dissected 
lower animals, which do not have appendices. 
Andreas Vesalius survived death sentences under 
the Inquisition for his dissections when he published 
De corporis humani fabrica (1563), providing the 
first accurate drawings of human anatomy showing 
the appendix, although Leonardo da Vinci had 
depicted the appendix in anatomic drawings in 
1492. It was Phillipe Verheyen who coined the term 
appendix vermiformis in 17 10. 

In Western countries, approximately 7% of in- 
dividuals develop appendicitis at some time during 
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their lives. Approximately 200,000 appendectomies 
are performed annually in the United States. Acute 
appendicitis is less common in Africa and parts of 
Asia due in part to the high-residue diets of the in- 
habitants of those regions. Appendicitis is thought 
to be related to obstruction of the lumen of the ap- 
pendix that may occur as a result of lymphoid hy- 
perplasia (60%), a faecalith (35%), a foreign body 
(4%) or an obstructing tumour (1%). 

Function of the appendix 

The structural similarities between the appendix and 
the Peyer's patches found on the anti-mesenteric side 
of the small intestine raised the possibility that these 
structures shared immune function, be it recogni- 
tion of luminal Ag or sampling of enteric bacteria 
flora. Alternatively, the anatomical location of the 
appendix at the end of the small intestine conjures 
up similar speculations of shared function. The mys- 
tery of the function of the mammalian appendix has 
intrigued scientists for centuries. 

Another possible function for the appendix is 
suggested by the finding that the Bursa of Fabricius, 
an out pouching at the end of the intestine and found 
only in birds, is responsible for B cell development. 
Hieronymus Fabricius (1 537-1619) was a distin- 
guished Italian anatomist and surgeon, best known 
as the teacher of William Harvey. His published 
work on anatomy includes a comparative analysis 
of the anatomy of the appendix, but he is immor- 
talised in the naming of the out pouching or bursa 
of the cloacae in birds, in which lymphocytes were 
identified to undergo mitosis and maturation into 
B-cells before migrating out into the general body 
tissues. The Bursa is a blind sac that extends from 
the dorsal side of the cloacae, wherein one finds a 
columnar epidermis and connective tissue filled with 
lymph nodules. Removal of the Bursa of Fabricius, 
early in life prevents development of B cells and an- 
tibody responses [16, 17]. In spite of a considerable 
effort searching for the mammalian equivalent of 
the Bursa of Fabricius, none has been found. The 
possibility that the appendix might serve a similar 
role in the development of the humoral immune re- 
sponse has not been borne out and, in fact, it is 
more likely that this role is served by the foetal 



yolk sac and foetal liver and possibly bone marrow 
[18-21]. Nonetheless, there have been a few recent 
studies that showed that neonatal appendectomy in 
rabbits could alter Ag- specific antibody levels in 
response to intra-peritoneal and intra-duodenal im- 
munisations with ovalbumin (OVA). More specif- 
ically, appendectomy nearly ablated OVA-specific 
IgA levels in the gut and severely depleted OVA- 
specific IgG in the gut and serum. These results 
would support a major role of the rabbit ap- 
pendix in seeding the intestinal lamina propria with 
plasma cell precursors, especially those producing 
IgA [22]. 

Other studies of the appendix have identified 
unique subsets of T cells expressing the CD4-CD8- 
B220+ TCR a(3 phenotype seen in other intra- 
epithelial sites of the intestine. These cells contained 
forbidden T cell clones - T cells with the ability to 
respond to self-Ag. These CD4-CD8-B220+ a|3 T 
cells seem to originate in situ from c-kit + stem cells 
in the appendix, suggesting that the appendix may 
be a site of primary T cell subset development and 
may lead to the development of T cells that can 
develop and express auto-reactivity. The possibil- 
ity that this might contribute to an auto-immune 
response or to the initiation of colitis remains spec- 
ulative [23]. 

Role of the appendix in the pathogenesis of colitis 

A full discussion of the pathogenesis of IBD is be- 
yond the scope of this review. In brief, the focus of 
much recent work, in particular studies of the an- 
imal models of colitis, is that IBD probably repre- 
sents a genetically determined defect in the interac- 
tion of the host immune system and environmental 
triggers or antigens [24-26]. The defect in the host 
immune response may involve the innate as well as 
the cognate immune system. Recent work has fo- 
cused on the possibility that a defect in regulatory 
elements of the immune system and in particular 
regulatory T cells may allow for unopposed immune 
activation in the intestinal mucosa [27-29]. In addi- 
tion, studies have begun to identify non-T cells that 
may function in a regulatory fashion in the intestine, 
including IEL subsets and B cells [30-34]. It is from 
these studies that we may have some further insight 
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into how the appendix may influence the develop- 
ment of colitis. 

Among the original genetically manipulated 
mouse models of colitis was the TCR a chain knock- 
out (TCRoc — /— ) mouse, first published in 1993. 
These mice developed spontaneous colitis that re- 
sembled ulcerative colitis histologically [35]. The 
inflammation observed in this model is associated 
with an increase in IL-4 levels (i.e. a Th2 type of 
inflammatory response). In addition, it appears that 
although B cells were not required for the develop- 
ment of colitis, B cells can suppress the development 
of colitis [36]. This model was used to study the po- 
tential role of the appendix in the development of 
spontaneous colitis. Indeed, the authors showed that 
when TCR- a knockout mice underwent appendec- 
tomy at a young age (3-5 weeks) only 3.3% of these 
mice developed IBD in the 6-7-month period of ob- 
servation. In contrast, approximately 80% of con- 
trols, including the sham-operated TCRoc knockout 
mice developed colitis during this period. They con- 
cluded that the lymphoid follicles contained within 
the appendix are the priming site of cells involved in 
the induction of development of IBD in TCRa — /— 
mice [37]. 

In more recent work CD62L cells were shown to 
preferentially migrate into the appendix in mice with 
experimental chronic colitis. The CD62.L+CD4-I- 
T cell represent effector T cells and suggest that 
either the appendix is involved in activating these 
T cells or represents a second site of T cell-induced 
inflammation [38]. 

Few studies have attempted to examine the 
human appendix in patients with IBD. One such 
study reported on lymphocyte phenotype and pro- 
liferation. Using surgical specimens of the appendix 
obtained from 5 patients with colon cancer, 5 with 
acute appendicitis, 12 with UC and 7 with CD, 
showed that the number of Ki-67(+) proliferat- 
ing cells, CD19, and CD138 cells was significantly 
higher in the appendix of patients with UC than 
in controls, patients with acute appendicitis, and 
patients with CD. Lamina propria cells in the ap- 
pendix of patients with UC also showed an in- 
crease in proliferation with increased numbers of 
CD19 and CD138 cells. An increased proportion of 
Ki-67(+) cells in CD19 and CD138 cells represents 



proliferation of immature plasma cells in the ap- 
pendix of patients with UC, and proliferation of 
such immature plasma cells was seen in both active- 
and remission-stage UC. Proliferation of immature 
plasma cells in the appendix of patients with UC sug- 
gests a primary role of humeral immune responses 
in the pathogenesis of UC [39]. 

Although the exact mechanisms by which ap- 
pendectomy prevents or delays the onset of colitis 
in a genetically susceptible host remains to be de- 
fined, these results of the animal studies first sup- 
port the epidemiological evidence of the negative 
association between appendectomy and ulcerative 
colitis and suggest that there is a real connection be- 
tween the appendix and the mechanisms that lead 
to the colonic inflammation. The question of which 
immune cells are involved and how this leads to 
colitis remains unanswered. Nonetheless, the pos- 
sibility that emerges from this is that appendectomy 
may serve as a preventive measure in high-risk sus- 
ceptible individuals or may aid in the treatment of 
patients with established UC. Confirmation of these 
speculations will require carefully designed clinical 
studies. 

Clinical studies 

The intriguing speculation that appendectomy is of 
potential benefit to patients with either established 
UC or who are at risk of developing UC, has al- 
ready led to a few clinical case reports and small 
case series. Several case reports have described pa- 
tients with chronically active UC, usually refractory 
to medical therapy, who have improved after under- 
going an appendectomy. In one report a 21 -year-old 
man was shown to improve and remain in remission 
for 3 years after an appendectomy. This patient had 
moderate inflammation that appeared to have been 
restricted to the rectum. Interestingly, this group 
showed that increases in tissue interferon y were re- 
duced after surgery suggesting that appendectomy 
resulted in altered Thi/Thz cytokine balance [40]. 
It is possible that the changes in the cytokine levels 
were a result of the decrease in inflammation and 
not necessarily a direct effect of the appendectomy. 
A case series of laparoscopic appendectomy 
in patients with refractory ulcerative colitis was 
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described by Jarnerot et al. In this report appendec- 
tomy was performed in six patients with UC refrac- 
tory to standard treatment and in whom surgery was 
considered. Unfortunately, five of the six patients 
failed to respond in a 2.-4 year follow-up [41]. 

In another study histological and immunological 
characteristics of the appendix in UC were assessed 
and correlated with the effect of appendectomy on 
the disease. Nine subjects with mildly active UC 
were treated by surgical appendectomy. In four 
subjects, the histological findings of the appendix 
were compatible with ulcerative appendicitis. 
CD3+CD4+CD25+, CD3+CD4+CD45RO+ and 
CD3+CD8+CD45RO+ appendiceal mononuclear 
cells were significantly higher in UC than in acute 
appendicitis and in the normal appendix. There 
was a trend towards higher mRNA transcripts of 
IFN-7 in the appendix of UC. Clinical activity index 
decreased significantly 4 weeks after the appendec- 
tomy, but the effect did not persist. They concluded 
that the appendix is a site of involvement in UC [41], 
but they failed to show a significant beneficial clin- 
ical effect. Therefore the significance of the changes 
in inflammatory cells described remains unknown. 

Conclusion 

We have explored a significant body of work that 
shows an intriguing negative association between 
appendectomies and the development and natural 
history of UC. This evidence is derived for the most 
part from a number of large cohort studies. Most 
intriguingly, these observations were further sup- 
ported by elegant work in an animal model of spon- 
taneous colitis where appendectomy prevented the 
development of the colitis, hence recapitulating the 
epidemiological data. This is the best scenario if we 
are to define the mechanisms underlying this associ- 
ation and perhaps at the same time increase our un- 
derstanding of the basic pathogenetic mechanisms 
underlying the development of UC. It is of some con- 
cern that the data in the patients with PSC suggests 
a possible increased risk of dysplasia or the develop- 
ment of colo-rectal cancer at least in the small sub- 
sets of patients with UC associated with PSC. This 
again raises the intriguing question as to how the re- 
moval of that mysterious organ of Qebehsenuef, the 



appendix, can possibly influence the development of 
neoplasia. The continued exploration of these and 
other questions that arise from large-scale epidemi- 
ological studies serve to help steer our basic science 
questions and keep them on a relevant course. 
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6: What are the controversies in 
histopathological diagnosis? 

Bryan F. Warren and Neil A. Shepherd 



Controversy 1 

Can we accurately distinguish acute self-limiting 
colitis from chronic idiopathic inflammatory 
bowel disease using routine histological 
assessment of colorectal biopsies? 

The differential diagnosis of an early acute 'colitis' 
may present considerable difficulties. There are, 
however, several histological features that may 
indicate a diagnosis of an acute self-limiting (i.e. 
infective) colitis or alternatively chronic inflamma- 
tory bowel disease (CIBD), even in the absence of 
well-established diagnostic features of either condi- 
tion [i]. Crypt architectural distortion takes about 
6 weeks to develop in CIBD [2, 3]. Diffuse crypt 
architectural distortion is a strong pointer towards 
CIBD, particularly ulcerative colitis (Fig 6.1) as is 
a villiform surface architecture: these architectural 
changes are most unusual in infective colitis, being 
effectively never seen in acute infective colitis and 
only rarely seen in chronic colitides such as shigel- 
losis and occasionally chronic amoebiasis [4]. The 
presence of diffuse chronic inflammation is a useful 
marker of CIBD, although this may occasionally be 
seen in some infective diseases [5]. Basal lymphoid 
aggregates are also a good histological pointer to 
CIBD, in particular ulcerative colitis [4]. Mucin 
depletion is a variable feature of chronic inflamma- 
tory bowel disease: mucin preservation is seen more 
in Crohn's disease than ulcerative colitis, although 
this is not an entirely consistent and reliable 
sign [6, 7]. 



Acute inflammation is usually diffuse in nature 
in ulcerative colitis and predominantly involves 
the epithelium. However, in Crohn's disease and 
some infections, the polymorph infiltrate may be 
distinctly patchy and is often more pronounced 
in the lamina propria than in the epithelium (Fig 
6.2.) [8, 9]. Occasionally the classical histological 
features of an acute self-limiting (infective) colitis 
may be present: these include normal crypt archi- 
tecture, gross lamina propria oedema and focal 
collections of neutrophils within the lamina propria 
with some ingress into the epithelium (Fig 6.3) [4]. 
Crypt abscesses may also be seen and are often 
eccentric or demonstrate a classical pattern of crypt 
beading [4]. However such features are not always 
seen and some cases of infectious colitis are good 
mimics of early CIBD. Campylobacter jejuni colitis 
characteristically shows mimicry of CIBD histolog- 
ically, especially if there is some chronicity to the 
infection [3]. Amoebic colitis may also be a difficult 
differential diagnosis. However, if the characteristic 
haematoxyphilic necrotic slough on the surface of 
an ulcer is found within the biopsy, it is a good indi- 
cation for this diagnosis, although one may have to 
search carefully to see amoebae that have a promi- 
nent nuclear karyosome and that have incorporated 
red blood cells into their cytoplasm (Fig 6.4) [10]. 
There may be difficulty in differentiating amoebae 
from macrophages containing red blood cells but 
here the nuclear detail and size of the cell are useful, 
as are a periodic acid-Schiff (PAS) stain (which will 
highlight the amoebae) and an immunohistochem- 
ical stain for macrophages (such as CD68). 
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Fig 6.1 Biopsy appearances of 
ulcerative colitis. 



Controversy 2 

Do the sequelae of infection include chronic 
changes in patients who do not develop CIBD? 

Most infective colitides resolve without leaving 
residual histological stigmata. It is notable that 
the chronic inflammation in Helicobacter pylori- 
associated antral gastritis may persist for up to 
i year after successful eradication of the organ- 



ism [ii]. Occasional patients with pseudomembra- 
nous colitis, due to Clostridium difficile toxin [12], 
will, after resolution, have a degree of crypt architec- 
tural distortion and hyperplastic change (personal 
observations). Perhaps the best example of chronic 
architectural changes after previous infective coli- 
tis, mimicking CIBD, especially chronic ulcerative 
colitis, is chronic shigellosis [4]. Such pathology is 
effectively never seen in the Western world but is 







■■■■;; 
2 




Fig 6.2 Biopsy appearances of 
Crohn's disease. There is 
chronic inflammation in the 
lamina propria with modest 
crypt architectural 
disturbance. There is focal 
active inflammation and 
ulceration (both seen 
centrally). 
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Fig 6.3 Infective colitis. In this biopsy both oedema and 
polymorph infiltrate are well seen but there is no increase 
in chronic inflammatory cells. 

relatively common in the tropics: in such a situation 
even gross crypt architectural distortion should not 
be taken as evidence for CIBD. 



Controversy 3 

Are there indeterminate colitides or merely 
indeterminate pathologists? 

Indeterminate colitis was the term originally intro- 
duced to describe colectomy specimens in which the 
macroscopic and microscopic features resembled 
both Crohn's disease and ulcerative colitis and 
in which a firm diagnosis of neither was possible 
[13]. The term has since been sometimes applied 
to biopsy histopathology in which a diagnosis of 
CIBD can be confidently made but the features are 
equivocal for ulcerative colitis and Crohn's disease. 
We believe this is an inappropriate use of the term 
indeterminate colitis. We believe that Price's original 
description of the concept of indeterminate colitis, 
applied only to resection specimens, is a useful and 
specific one, which is valuable in the management 
of CIBD. We believe that the term should not be 
applied to biopsy material. Cases equivocal for 
ulcerative colitis and Crohn's disease on biopsy 
material are best designated as 'CIBD unclassified'. 
Resections of such cases usually provide definitive 
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Fig 6.4 Amoebic colitis. In this inflammatory debris from 
the surface of an ulcerated colonic mucosal biopsy, there 
are several well-defined amoebae (one arrowed). 



evidence of one or other of the two major sub- 
types of CIBD and do not often show changes 
characteristic of indeterminate colitis. 

So why is there uncertainty in the differential 
diagnosis of CIBD, even in resection specimens? 
The main reason is that neither disease displays di- 
agnostic histological features that are universally 
present in one disease and invariably absent in the 
other. From a pathological diagnosis point of view, 
the most difficult colorectal resection specimens are 
those cases of acute fulminating colitis in which the 
inflammatory and ulcerative changes are so severe 
that distinction between the two major sub-types of 
CIBD becomes very difficult. In most series a diag- 
nosis of indeterminate colitis is made in 10-15% of 
colectomy specimens performed for fulminant coli- 
tis [13]. It is important to note that most cases of 
indeterminate colitis, when diagnosed (appropri- 
ately) at the time of colectomy, behave like ul- 
cerative colitis, and restorative proctocolectomy is 
generally successful, although patients who undergo 
such pouch surgery do have a higher incidence of 
pelvic sepsis but not of, for example, pouchitis [14, 
15]. For instance, the prevalence of fistulae may 
be higher in pouch patients who had indeterminate 
colitis compared to those with classical ulcerative 
colitis, although the long-term function may be just 
as good [16]. In a small proportion, the diagnosis 
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does turn out to be Crohn's disease and these pa- 
tients have a poorer outcome with pouch failure 
rates of up to 40% [17]. 

Those who apply the term indeterminate coli- 
tis to biopsy material have suggested that between 
3 and 13% of cases of CIBD show such equivo- 
cal features [14, 18]. Inevitably this area is con- 
fused and complicated because there are so many 
confounding factors, including the number of biop- 
sies taken, their site and the number of procedures 
undertaken over varying time periods. Neverthe- 
less there are an appreciable number of cases, and 
we would agree that the number is about 10%, 
where standard biopsy protocols, performed dur- 
ing multiple colonoscopic assessments, are unable 
to positively differentiate between ulcerative colitis 
and Crohn's disease. It should be emphasised, how- 
ever, that the pathological assessment must never 
be performed in isolation, because further clinical, 
radiological or endoscopic information will often 
clarify the diagnosis of either Crohn's disease or ul- 
cerative colitis in the absence of definitive differen- 
tiating histopathological features on biopsy. 

In conclusion, despite the term 'indeterminate 
colitis' suggesting that pathologists may be less than 
definitive in their diagnostic opinion, it is in fact a 
clinically useful, relatively specific, diagnosis that 
has led to well-defined management strategies and 
a relatively predictable natural history [19] but only 
when applied to resection specimens. We believe 
that much confusion has been caused by applying 
this term to cases of unclassified or equivocal CIBD 
and that other terminology should be used in these 
circumstances. 



Controversy 4 

Which histopathological features are important 
in the distinction of ulcerative colitis from 
Crohn's disease? 

Skip lesions 

Skip lesions have always been thought to be macro- 
scopic indicators of Crohn's disease. Initially it was 
thought that they do not occur in ulcerative coli- 
tis. It has, however, been recognised recently that 



macroscopic skip lesions may occur in ulcerative 
colitis in two distinct circumstances. One is in the 
appendiceal skip lesion as described and titled by 
Davison and Dixon [18]. The other is the caecal 
patch lesion as described by D'Haens etal. [20]. The 
appendix is involved as an extension of caecal dis- 
ease in 62 % of cases of ulcerative colitis that come to 
colectomy [21]. This appendiceal involvement may 
be seen either in association with continuous in- 
volvement [ 2 1 ] in total colitis or as a skip lesion [ 1 8 ] . 
The latter may manifest as appendiceal involvement 
in the presence of a clearly defined proximal demar- 
cation of active disease, which may be in the ascend- 
ing colon but may be seen with very distal disease. 
Such appendiceal involvement, with left-sided ulcer- 
ative colitis, is not unusual and it is now recognised 
that the disease activity in the peri-appendiceal skip 
lesions of ulcerative colitis will mimic closely the dis- 
ease activity in the left side of the colonic following 
treatment [21]. Furthermore, the presence of peri- 
appendiceal skip lesions may indicate a sub-type of 
ulcerative colitis, which shows a particularly good 
response to medical therapy [22]. 

Patients with both the appendiceal skip lesion 
and with the caecal patch lesion have, in our ex- 
perience, a natural history entirely typical of ul- 
cerative colitis, unless there are other features to 
suggest Crohn's disease, and they have a success- 
ful outcome following pouch surgery [23]. Histo- 
logically, the caecal patch lesion shows the typical 
histological changes of ulcerative colitis, as do the 
appendiceal 'skip lesions' [18, 20, 23]. The latter 
show quite different histological features from acute 
appendicitis in that there are chronic changes of 
crypt architectural distortion and chronic inflamma- 
tion, in association with acute inflammation. The 
inflammatory changes are restricted to the mucosa, 
unlike acute appendicitis, in which there is ulcera- 
tion and transmural acute inflammation. 

Mucin depletion 

Mucin depletion has often been quoted as a hall- 
mark of ulcerative colitis when comparing histo- 
logical appearances with Crohn's disease. However, 
mucin may be preserved in some cases of ulcera- 
tive colitis. This is particularly the case in acute 
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fulminant colitis associated with toxic megacolon in 
which, mysteriously, the mucin complement seems 
well preserved in between areas of ulceration. Mucin 
depletion, in ulcerative colitis without such fulmi- 
nant change, is usually regarded as proportionate to 
the amount of acute inflammation and activity [2]. 
Consequently, in cases of inactive ulcerative colitis 
there may be little or no mucin depletion. There- 
fore this is a less valuable discriminator, between 
Crohn's disease and ulcerative colitis, than has been 
suggested. 

Focality of inflammatory infiltrate 

This has been regarded as a hallmark of Crohn's 
disease rather than ulcerative colitis. It is regu- 
larly quoted as an important criterion, although 
there is little objective evidence for its usage as 
a discriminator between the two major types of 
CIBD [2]. It is, admittedly, a parameter with the 
highest level of intra-observer concordance, of all 
the regularly used criteria for the diagnosis of 
CIBD in biopsy material [24]. However, it has been 
recognised more recently that the evidence for the 
utility of multiple colonoscopic biopsies in distin- 
guishing ulcerative colitis from Crohn's disease is 
actually rather scanty [4, 9]. It has also been recog- 
nised that some patchiness of inflammation in ulcer- 
ative colitis may be apparent in the healing stage, 



particularly after some modern therapies [9]. This 
focality of disease in ulcerative colitis may require 
further evaluation, based on study of cases after 
treatment. 

Mucosal granulomas and microgranulomas 

When well-formed granulomas are seen away from 
crypts within the mucosa, they provide a stronger 
pointer towards a diagnosis of Crohn's disease [2]. 
However, it is recognised that granulomas may also 
be seen in other circumstances, particularly in di- 
version colitis [25] and in the luminal mucosal 
inflammatory disease that complicates diverticular 
disease, usually known as diverticular colitis [26, 
27]. The definition of the term microgranuloma has 
caused some difficulty in the past: it is now ac- 
cepted that this represents a collection of epithe- 
lioid macrophages, greater than five in number [1]. 
As such, the microgranuloma is characteristic of 
Crohn's disease but, once again, may be seen in other 
situations, such as infective colitis [4, 5]. 

Cryptolytic granulomas are those seen in rela- 
tion to the rupture or destruction of a colorectal 
crypt (Fig 6.5) [28]. In one study, a relatively 
small series, these were shown to be relatively 
specific for Crohn's disease [28]. Furthermore, the 
same authors have suggested that this feature is 
pathognomonic of Crohn's disease [28]. That is not 



Fig 6.5 Cryptolytic 
granuloma. Towards the top 
of this deliberately transversely 
orientated colonic mucosal 
biopsy, there is a 
granulomatous reaction to a 
disruptive crypt abscess. 
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our experience and we, and others, have seen such 
lesions in ulcerative colitis, diverticular colitis, di- 
version colitis, pouchitis and Campylobacter colitis 
[23, 27, 29]. Granulomas related to crypts might be 
in response to a disrupted crypt abscess, in which 
case mucin and neutrophils will be evident within 
the granuloma. Alternatively the granuloma may be 
seen in association with a largely intact crypt and 
appears to be inflicting damage on the epithelium 
itself [29]. 

It is important that the pathologist is confident 
that the structure he or she has identified is truly a 
granuloma, because, in histological sections, tan- 
gential sectioning of crypts may mimic granulomas. 
In this situation, there appear to be small clusters of 
epithelioid cells, apparently separate from crypts, 
with pronounced imitation of a well-formed granu- 
loma. Only by close attention to the multiple levels, 
which are standard parts of histological assessment 
of colorectal mucosal biopsies, will these structures 
be demonstrated to be crypt epithelium and not 
granulomas. 

Inflammatory cell type 

Older textbooks, particularly non-pathology 
textbooks, have often stated that the type of cell 
in the lamina propria inflammatory infiltrate is 
important in distinguishing Crohn's disease from 
ulcerative colitis. In particular, neutrophils have 
been associated with ulcerative colitis. The truth 
is that neutrophils are present when inflammatory 
bowel disease is active and are a reflection of 
activity rather than disease type. It is a truism that, 
in Crohn's disease, there will be more aggregates 
of neutrophils in the lamina propria whereas in 
ulcerative colitis many more of these will involve 
the epithelium lining the crypts and surface result- 
ing in crypt abscesses, epithelial destruction and 
ulceration. However, such inflammatory features 
are also seen in Crohn's disease, although the 
involvement of crypts is often patchier [1, 24]. 



Depth of inflammation 

The inflammation in ulcerative colitis is usually 
stated to be mucosal. However, when there is 



extensive ulceration, it is inevitable that active in- 
flammation will extend into the submucosa and even 
deeper into the bowel wall. In fact extension of ac- 
tive inflammation into the muscularis propria, often 
with myocytolysis and gross telangiectasia, is the 
characteristic feature of acute fulminant ulcerative 
colitis and toxic megacolon. Such deep extension, 
with muscle damage, is the reason for perforation in 
toxic megacolon. Thus, it can be seen that extension 
of inflammation, below the level of the mucosa, is 
inevitable in acute fulminant ulcerative colitis. The 
context in which deep extension of inflammation is 
demonstrated in biopsies is therefore critical. If the 
endoscopic features are relatively mild and there is 
no evidence of deep ulceration, then the demonstra- 
tion of extension of inflammation beyond the mus- 
cularis mucosae may well be an important sign of 
Crohn's disease. 

Some have suggested that specific histological 
criteria will reproducibly enable Crohn's colitis to 
be differentiated from ulcerative colitis. However, in 
most inter-observer studies of mucosal biopsies, in- 
cluding some using very large datasets, pathologists 
can accurately differentiate the histological features 
of inflammatory bowel disease from those of normal 
mucosa but the distinction of Crohn's disease from 
ulcerative colitis is poor. 



Rupture of crypts into the submucosa 

Disruptive crypt abscesses cause much consterna- 
tion amongst pathologists, when attempting to dif- 
ferentiate Crohn's disease from ulcerative colitis. 
When crypts rupture downwards, they inevitably 
involve the muscularis mucosae and the superfi- 
cial part of the submucosa. This is a further ex- 
ample of extension of active inflammation into 
the submucosa. Such a feature does not necessar- 
ily favour a diagnosis of Crohn's disease. Indeed 
such crypt rupture is often associated with a his- 
tiocytic infiltrate because the inflammatory debris 
from the crypt, admixed with mucin, is often recog- 
nised as 'foreign material' and incites such a reac- 
tion. Even in this situation, the appearances may 
yet represent ulcerative colitis rather than Crohn's 
disease. 
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Controversy 5 

Is it easy to distinguish backwash ileitis from 
Crohn's disease histologically? 

Backwash ileitis is defined as the extension of the 
inflammatory process of ulcerative colitis through 
an incompetent ileocaecal valve to involve the distal 
few centimetres of the terminal ileum [30]. In resec- 
tion specimens the differentiation is straightforward 
because the continuity of disease from the proximal 
colon into the ileum, with an incompetent ileocaecal 
valve, can be readily appreciated. In small mucosal 
biopsies, it can be much more difficult. Backwash 
ileitis can strongly mimic active Crohn's disease of 
the ileum. In this situation, accurate information 
concerning the endoscopic features, notably the 
extent of disease in the colon and the continuity 
of disease between colon and ileum, together with 
information about the ileocaecal valve, should be 
imparted to the pathologist, to avoid an erroneous 
diagnosis of Crohn's disease. 

Controversy 6 

Are there any specific and diagnostic features of 
Crohn's disease? 

Granulomas 

Intra-mucosal and cryptolytic granulomas, and 
microgranulomas, have already been considered 
above. Granulomas below the level of the mucosa 
have much more specificity for Crohn's disease but 
may be seen in several other situations. Compli- 
cated diverticular disease is an important mimic of 
Crohn's disease and this condition is often associ- 
ated with well-formed granulomas deep in the wall 
of the bowel [26, 31-33]. The distribution of trans- 
mural inflammation in the form of lymphoid ag- 
gregates and of transmural granulomas is different 
in that both will radiate out from around inflamed 
diverticula and will not be truly transmural in the 
way that Crohn's granulomas and the associated 
lymphoid aggregates are. Granulomas in sarcoido- 
sis are, in our experience, indistinguishable from 
those in Crohn's disease. However, a diagnosis of 
colorectal sarcoidosis should only be considered 



if there is good clinical evidence of sarcoidosis 
elsewhere. 

Tuberculosis remains an important differential 
diagnosis of Crohn's disease, particularly in immi- 
grants from parts of Southern Asia and Africa and in 
those with poor nutritional status such as alcoholics 
or vagrants [34]. The granulomas in tuberculosis 
are usually coalescent (Fig 6.6) and are associated 
with caseous necrosis. However, only about 40% of 
ileocolonic tuberculosis will have demonstrable acid 
and alcohol-fast bacilli [34]. In occasional cases, it 
can be difficult to positively differentiate tubercu- 
losis from Crohn's disease. In this situation, other 
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Fig 6.6 The typical granulomatous appearance of 
tuberculous ileocolitis. There are coalescent granulomas 
with a very well-defined Langhans-type giant cell. 
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clinical pointers, such as the results of a Heaf test, 
the immigration status of the patient and evidence 
of disease elsewhere, may be required before a diag- 
nosis can be reached. 

Granulomatous vasculitis is present when there 
is destruction of vessel walls by granulomas. It is said 
to be specific for Crohn's disease [35]. Nevertheless, 
once again, caution is appropriate. We have seen this 
in very rare cases of gastrointestinal involvement in 
Churg- Strauss syndrome, when it is accompanied by 
an eosinophil infiltrate with peripheral eosinophilia 
and asthma. Furthermore it has been described in 
diversion proctitis, in ulcerative colitis [30] and also 
in diverticulitis [31]. Outside these circumstances, 
it is an extremely useful histological feature to aid 
in the distinction of Crohn's disease from ulcerative 
colitis [36]. It is particularly important to remem- 
ber that isolated giant cells and well-defined gran- 
ulomas, away from areas of crypt rupture, do not, 
as a rule, occur in ulcerative colitis. These do, in a 
colonoscopic biopsy with features of inflammatory 
bowel disease, provide a strong indication for a di- 
agnosis of Crohn's disease. However, crypt-related 
giant cells and granulomas are not reliable discrim- 
inatory features to distinguish Crohn's colitis from 
ulcerative colitis [37]. 

Fissuring ulcers 

Fissuring ulcers may been seen in many forms of 
colitis. Deep vertical fissuring is certainly charac- 
teristic of Crohn's disease. Nevertheless, any acute 
fulminant colitis, with deep ulceration, may show 
a degree of lateral fissuring and this is one of the 
characteristic features of indeterminate colitis [13]. 
Fissuring ulcers may develop in the diverted rectum 
in ulcerative colitis where they develop from the ba- 
sis of ruptured crypts [38] and are also seen in the 
pelvic ileal reservoir of patients with an unequivocal 
diagnosis of ulcerative colitis [23]. 



Fat-wrapping 

Crohn's disease is characterised by relatively specific 
connective tissue changes, which reflect its chronic 
transmural nature. Thus, fat-wrapping is a highly 
characteristic and almost pathognomonic feature of 



Crohn's disease: certainly we have never seen it ei- 
ther in the colon in ulcerative colitis or in the ileum 
affected by backwash ileitis [39]. It is more difficult 
to appreciate fat-wrapping in the colon and rectum 
compared with the small bowel. Its pathogenetic ba- 
sis is a hyperplasia of the mesenteric and mesocolic 
fat, with loss of the bowel to mesentery angle and 
encroachment of fat around the circumference of the 
bowel in segments of disease-effected bowel. This is 
useful to the surgeon at laparotomy in identifying 
areas of Crohn's disease where multiple skip lesions 
are present. Fat-wrapping correlates well with the 
transmural inflammation that is such an important 
part of the pathology of Crohn's disease. However, 
the exact mechanisms of formation of the connective 
tissue changes in Crohn's disease, particularly the 
fat-wrapping, are far from being well understood 
[39]- 

Transmural inflammation 

Transmural inflammation is a highly characteristic 
feature of Crohn's disease. However, it should be 
appreciated that transmural inflammation in the 
form of lymphoid aggregates, a feature that is such 
an important and commonplace accompaniment 
of the plethora of pathological changes of Crohn's 
disease, may also be seen in other situations. It is 
commonly seen in complicated diverticular disease 
[26] but may be seen in any severe colitis, whatever 
the cause, if there is deep inflammation, particularly 
when extending into the muscularis propria [23]. 
Hence it is seen in acute fulminant colitis, whether 
definitely due to ulcerative colitis or showing the 
features of indeterminate colitis. If accompanied 
by some of the other stigmata of Crohn's disease, 
then it may be impossible to define the type of 
CIBD in these colectomy specimens. However, the 
pattern seen in Crohn's disease is quite distinctive, 
although it may need an overall low-power view 
to distinguish it from diverticular inflammation. 
This pattern is the highly distinctive rosary where 
lymphoid aggregates are sharply defined and often 
confined to the subserosal tissues immediately 
beneath the muscularis propria. In only one other 
condition is this pattern of transmural inflamma- 
tion so well seen and that is, curiously, colorectal 
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cancer [40]. This 'rosary' is said to impart an 
excellent prognosis to colorectal cancer suggest- 
ing a pronounced host immune response to the 
carcinoma [40]. 



Aphthous ulcers 

Aphthous ulcers are very common in Crohn's tissue 
and some believe them to be relatively specific for 
this type of inflammatory bowel disease, especially 
when they are demonstrated on the surface of lym- 
phoid follicles in the colorectum and terminal ileum 
at the time of endoscopy. Nevertheless, they are also 
seen in other situations: they are a common fea- 
ture in diverticular disease-associated chronic col- 
itis or diverticular colitis [2.6, 27]. They are also of- 
ten seen in diversion colitis, from whatever cause 
[30,41]- 



Connective tissue changes 

In Crohn's disease important post-inflammatory 
components of the disease are the effects on the 
connective tissues of the bowel wall and the adja- 
cent mesenteric tissues [39]. They characteristically 
occur in segments of bowel that have been severely 
diseased or are severely diseased. They affect all 
layers of the bowel wall. There is thickening and 
disruption of the muscularis mucosae, resulting in 
apparent muscularisation of the submucosa. The 
neural component shows hyperplasia of the nerves 
of the submucosal and myenteric plexi. There are 
often marked vascular changes with intimal hyper- 
plasia and duplication of the muscular layer of both 
arterial and venous components. The muscular 
propria is often profoundly disordered and there 
is the distinctive change in adipose tissue, which 
is both hyperplastic and migratory, leading to the 
macroscopic feature of fat-wrapping [39, 42]. Some 
of these changes may be seen in other inflammatory 
diseases of the small and large bowel, especially 
pathology from non-steroidal anti-inflammatory 
drugs (NSAIDs) and diverticular disease [26, 43]. 
However, of all these changes, fat-wrapping seems 
to be the one that is most specific to Crohn's disease 
[39, AA- 



Ulcer-associated cell lineage 

Ulcer-associated cell lineage (UACL), previously 
known as pyloric or pseudopyloric metaplasia, has 
been stated to be pathognomonic of Crohn's disease. 
However, it is now clear that UACL occurs adjacent 
to any area of ulceration in the gut: it represents 
part of the gut healing and repair process [44]. The 
lineage develops from crypts and undergoes a func- 
tional change so that it can secrete epidermal growth 
factor to help regenerate epithelium over the edges 
of healing ulcers [42, 44]. 



Controversy 7 

Do the histological appearances of CIBD remain 
diagnosable irrespective of treatment? 

We have already indicated that patchiness, or focal- 
ity, of inflammation is a weaker discriminator for a 
diagnosis of Crohn's disease and against a diagno- 
sis of ulcerative colitis than was previously thought. 
This may be an effect of the effects of more contem- 
porary drug therapy on ulcerative colitis. We are at 
present profoundly ignorant of the specific effects 
of such drugs in ulcerative colitis and Crohn's dis- 
ease. It is, therefore, important that such features are 
catalogued to enable a revision of the currently ac- 
cepted diagnostic criteria in differentiating Crohn's 
disease from ulcerative colitis. Apparent rectal spar- 
ing in ulcerative colitis has long been associated with 
rectal installation of anti-inflammatory drugs [23]. 
It has to be recognised, however, that a small sub- 
set of ulcerative colitis patients has relative rectal 
sparing in the absence of a history of local instil- 
lation of anti-inflammatory agents [45]. Usually in 
this situation there is evidence of chronic inflamma- 
tory and architectural changes of ulcerative colitis 
in the rectum even though there is little or none of 
the active inflammation that is present more prox- 
imally. A completely normal rectum should always 
raise suspicions of Crohn's disease [9]. 



Ciclosporin-induced 'pseudodysplasia ' 

Villous regeneration and nuclear enlargement in ep- 
ithelial cells are both seen in regeneration of the 
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mucosa in ulcerative colitis after severe acute inflam- 
mation. Both these changes are more pronounced 
after treatment with ciclosporin and can lead to an 
erroneous misdiagnosis of dysplasia on biopsy, be- 
cause they may be very pronounced [46]. In older 
textbooks, villous architecture has been a valuable 
pointer towards dysplasia: in our experience villous 
regeneration is actually more common than villous 
areas of dysplasia in ulcerative colitis. Such regener- 
ative villous change will be seen even more com- 
monly if the use of ciclosporin therapy becomes 
more widespread [46]. 

The effects of diversion: do they modify the 
criteria for CIBD diagnosis? 

It has been recognised for some time that divert- 
ing the faecal stream away from Crohn's disease 
may have therapeutic benefits [47, 48] and that di- 
verting the faecal stream in ulcerative colitis may 
worsen the inflammation [36, 37]. Curiously, diver- 
sion itself may actually be diagnostically useful for 
the pathologist in some cases of indeterminate col- 
itis as part of the three-stage pouch procedure. A 
colectomy may be performed for colitis, which has 
been previously difficult, on the basis of biopsies, to 
distinguish between ulcerative colitis and Crohn's 
disease. Even the colectomy specimen may not al- 
low the distinction between the two major forms of 
CIBD because the changes of acute fulminant coli- 
tis may not be specific as previously described. The 
resultant changes seen in the de-functioned rectum 
may well provide some insight into the underlying 
pathology. If the active rectal inflammation amelio- 
rates or resolves, then this is often a pointer towards 
Crohn's disease, whereas if the rectal inflammation 
worsens, it will be a strong indicator that this is 
ulcerative colitis [49]. It must be emphasised that 
these assessments must be made in the wider con- 
text of all other clinical, endoscopic and radiolog- 
ical features. For instance, the presence or absence 
of perianal disease and/or small-bowel disease will 
provide further useful information concerning the fi- 
nal diagnosis and suitability for pelvic ileal reservoir 
surgery. In the past, it has been a source of consid- 
erable distress when diversion of the faecal stream 
from the rectum of an ulcerative colitis patient has 



led to an erroneous diagnosis of Crohn's disease be- 
cause of the profound mimicry of Crohn's disease 
with transmural inflammation in the form of lym- 
phoid aggregates, granulomatous inflammation, As- 
suring ulceration and granulomatous vasculitis [30, 
37]. In a large study of rectal diversion in CIBD, 
it has been shown that granulomas, in the diverted 
rectum, are seen more commonly in patients with an 
initial diagnosis of Crohn's disease, whereas trans- 
mural lymphoid aggregates in this study were found 
in diverted inflammatory bowel disease, whatever its 
type. Other histological features of diversion in in- 
flammatory bowel disease develop independently of 
the initial, pre-diversion, diagnosis or of the dura- 
tion of diversion [50]. 

Controversy 8 

Is there an established evidence base for the value 
of colonoscopic biopsy series in IBD diagnosis? 

There are histological features in current usage that 
seem to be reliable for the histological distinction 
between Crohn's disease and ulcerative colitis in 
colonoscopic biopsy series. Perhaps this is surpris- 
ing in view of the fact that most of these criteria 
were developed from the histological analysis of re- 
section specimens and/or single rectal biopsies. In 
fact, very few of the major publications on this sub- 
ject have specifically looked at colonoscopic biopsy 
series. There is clearly much more investigation re- 
quired on the value of the colonoscopic biopsy series 
in the differential diagnosis of CIBD, especially with 
the application of the British Society of Gastroen- 
terology (BSG) Guidelines for reporting the initial 
biopsies in inflammatory bowel disease [1]. 

Controversy 9 

Does the rectal mucosa ever return to normal in 
ulcerative colitis? 

It has been a long-held view amongst histopathol- 
ogists that the rectal (and indeed the colonic) mu- 
cosa always shows distinctive changes of crypt ar- 
chitectural distortion and/or atrophy after an attack 
of ulcerative colitis and that this is useful in the 
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confirmation, and the refutation, of a diagnosis of 
ulcerative colitis. Recent observations suggest that 
the histological appearances of mucosal biopsies in 
patients with undoubted evidence of previous ulcer- 
ative colitis may return to normal [51]. In this situ- 
ation, a potential previous infective colitis has to be 
considered [4] and the reporting pathologist should 
review all biopsy material. The wording of such a 
report may present some difficulty and confusion. 



Controversy 10 

Is histological scoring worthwhile in routine 
biopsies in ulcerative colitis or Crohn's disease? 

Many histological scoring systems for assessing ac- 
tivity in inflammatory bowel disease have been de- 
veloped [52, 53]. They rarely correlate with clinical 
activity scoring systems, but they may be extremely 
useful in animal models where history and exami- 
nation may be unrevealing. In our experience such 
scoring systems are also useful in assessing drug ther- 
apy in that they provide a numerical score for assess- 
ing amelioration and resolution of acute inflamma- 
tion and/or ulceration with a variety of treatments. 
Inter-observer reproducibility has not often been as- 
sessed, although a more recent scoring system has 
undergone rigorous evaluation [52]. In routine re- 
porting, we would recommend that activity is best 
expressed as mild, moderate or severe, as most cur- 
rently available scoring systems require further eval- 
uation before they can be recommended for routine 
usage. 

In Crohn's disease, histological scoring is much 
more difficult due to its patchy distribution [54]. The 
only histological feature, which has evolved from 
the development of scoring systems that is of any 
value clinically, is the presence of small groups of 
neutrophils within the lamina propria [53]. Such a 
feature may be of value in predicting early relapse in 
clinically resolved ulcerative colitis following treat- 
ment. However, numerical scoring is, in our opin- 
ion, of no value in the routine clinical management 
of inflammatory bowel disease patients. We firmly 
believe that the only indication for numerical scor- 
ing, in routine diagnostic histopathological practice 



and management of inflammatory bowel disease, is 
in the assessment of pouchitis (as discussed below). 



Controversy 1 1 

Should we be using reporting algorithms, 
guidelines and/ or computer tick boxes? Do they 
improve reproducibility in the histopathology of 
inflammatory bowel disease or do they inhibit an 
investigative mind by limiting the available 
diagnostic categories? 

It seems logical that algorithms would improve reli- 
ability and reduce inter-observer and intra-observer 
variations in the diagnosis of inflammatory bowel 
disease. The 'tick box' system of the BSG guidelines 
has attempted to do this in the initial biopsy diagno- 
sis of IBD [1]. There are also other neural networks 
and computer programs that have been shown to 
improve diagnostic acumen [55]. Currently there 
are no widely promulgated recommendations for 
the routine use of such systems and, for the most 
part, their use is largely based on personal prefer- 
ence. However, we are aware that the use of pro- 
forma reporting has had a markedly beneficial effect 
on the quality of histopathological reporting of com- 
mon cancer resection specimens [56]. They particu- 
larly ensure that pathological reports document all- 
important items for patient management. However, 
it remains uncertain whether their use does anything 
to improve pathological judgement and assessment 
of histological features. This is an area ripe for fu- 
ture development and research. 



Controversy 12 

Is the frozen section of any value in the 
differential diagnosis of inflammatory 
bowel disease? 

The majority of pathologists would answer strongly 
in the negative to this question. However, we be- 
lieve that there is a limited but sometimes important 
role for frozen section as an inter-operative proce- 
dure in cases that have been, up until then, equivo- 
cal for the two major types of inflammatory bowel 
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disease, despite the availability of all previous clini- 
cal, radiological and pathological data [23]. If there 
is an apparent skip lesion in what was thought to be 
ulcerative colitis, other than a caecal patch lesion, 
frozen sections of the most severely affected piece 
of colon, of the apparent skip lesion and of any en- 
larged lymph node can provide useful diagnostic in- 
formation. The purpose of sampling these three sites 
is to establish whether any transmural inflammation 
shows a pattern typical of Crohn's disease in the dis- 
ease segment [23]. The apparently normal segment 
is sampled to assess the presence or absence of focal- 
ity of disease. The largest lymph node is assessed to 
confirm or refute the presence of well-formed epithe- 
lioid cell granulomas, clearly a feature that would 
strongly suggest Crohn's disease. 

Provided the surgeon and the pathologist are 
both aware of the limitations of this technique, we 
have found it extremely useful on a small number 
of occasions. The presence of continuity of disease, 
the lack of transmural inflammation in the form of 
lymphoid aggregates, and the absence of granulo- 
mas will be quite reassuring. However, it must be 
emphasised that the pathologist is only examining 
but a small part of a relatively extensive disease: 
he or she can only really say there is no evidence 
of Crohn's disease in the tissues examined. Should 
there be features that do suggest Crohn's disease, 
then the surgeon can resort to a three-stage pouch 
procedure to allow full histopathological examina- 
tion of the resection specimen. A considerable num- 
ber of cases have undergone a change of diagno- 
sis after one-stage pouch procedures from ulcerative 
colitis to Crohn's disease upon full histopathologi- 
cal examination of the colectomy specimen [57]. It 
is likely that intra-operative frozen section consul- 
tation can considerably reduce the number of these 
unfortunate cases [23]. 

Controversy 13 

How should we grade dysplasia in inflammatory 
bowel disease? 

The time-honoured method for grading dysplasia in 
the intestines, most notably in adenomas, has been 
with three categories of mild, moderate and severe 



dysplasia [58]. More recently it has been recognised 
that inter-observer variation is marked when using 
such categories and that the grading system has not 
been clinically useful [59, 60]. In 1983, Riddellef al. 
[61] recommended the use of two definitive cate- 
gories for dysplasia, low grade and high grade: this 
provides much more useful management guidance 
and is now universally recommended for routine 
use [61]. Furthermore, Riddell's classification intro- 
duced the concept of 'indefinite for dysplasia' [61]. 
We believe this category to be an important one. It 
accepts that the assessment of dysplasia is inevitably 
subjective and it further implies that not all cases 
are definitive, especially when there is associated 
active inflammation. The term does not imply 
(usually) that the reporting pathologist is indefinite 
but rather that he or she is being realistic and is 
fully accepting the often equivocal features seen on 
routine histological assessment. 

Controversy 14 

Can we distinguish dysplasia-associated lesion or 
mass from sporadic adenoma? 

A patient with long-term chronic ulcerative colitis is 
just as likely to develop sporadic adenomas as any 
other patient. The differentiation of such sporadic 
adenomas from polypoid dysplasia in ulcerative col- 
itis is fraught with difficulties [62, 63]. Nevertheless, 
the distinction is of critical importance because the 
standard treatment of an adenoma is local excision 
whereas the accepted management of dysplasia- 
associated lesion or mass (DALM) has been total 
colectomy. There have been attempts at establishing 
criteria for distinguishing the histopathological 
features of sporadic adenoma in ulcerative colitis 
from polypoid dysplasia or DALM [62, 63]. In fact, 
the distinction is often relatively straightforward, 
especially if the adenoma is in a site, usually 
the right colon, which has not been affected by 
ulcerative colitis, especially if occurring in the 
older patient with a higher propensity to adenoma 
formation [63]. On the other hand, a flat or sessile 
lesion in a young patient, especially if in the rectum 
or distal colon, is much more likely to be a DALM. 
The sessile lesion in an older patient presents more 
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difficulty. If it is clearly outside the area of colitis, 
then it is likely to be a sessile adenoma. 

Despite the confidence that the literature es- 
pouses in enabling a differentiation between spo- 
radic adenoma, adenoma-like lesions and DALM on 
microscopic criteria [62, 63], unfortunately, in some 
patients, there is often a degree of overlap between 
these conditions. Undoubtedly the most useful in- 
vestigation is to biopsy not only the lesion (and ex- 
tensive biopsy at that) but also to biopsy the adjacent 
flat mucosa. The presence of dysplasia in flat mu- 
cosa adjacent to the polypoid mucosa strongly aids 
in the substantiation of a diagnosis of DALM. The 
detection of dysplasia and its treatment by means 
of colonoscopy are now in question following two 
recent studies. Firstly, it has been demonstrated that 
careful colonoscopy renders most dysplastic lesions 
in ulcerative colitis visible [64]. Furthermore, one 
study has shown that local excision of dysplastic le- 
sions, in 34 ulcerative colitis patients, whatever the 
subtype of the lesion, may be adequate treatment 
with favourable long-term follow up [65]. 

Controversy 1 5 

Should a specialist pathologist, or a generalist, 
report dysplasia? Should dysplasia be confirmed 
by a second observer? 

In our view, double reporting is invaluable: the re- 
cent adverse publicity surrounding the reporting of 
histopathology has ensured that many departments 
have introduced procedures for the double report- 
ing of cancer specimens. This is certainly for the 
protection of patients and also aids the clinician by 
enhancing the level of confidence in a diagnosis that 
might well imply major surgery. Furthermore, we 
believe that such double reporting provides an in- 
valuable educational and audit tool for pathologists. 
We would thoroughly recommend that a diagnosis 
such as high-grade dysplasia in chronic ulcerative 
colitis that may well obligate major surgery, should 
be confirmed by a second experienced observer. Such 
double reporting has not been the subject of any for- 
mal assessment, audit or trial, as far as we are aware. 
Nevertheless, the alarming inter-observer and intra- 
observer variation in the diagnosis of dysplasia in 



inflammatory bowel disease [66, 67] clearly indi- 
cates, to us at least, that such co-operation has to be 
regarded as best practice. Currently, in the UK, we 
do not have the resources to insist that all such diag- 
noses be made by specialist pathologists. We believe 
that the reporting of dysplasia in the gastrointesti- 
nal tract is best performed by specialist pathologists, 
but we accept that such a recommendation is not 
achievable at present. 

Controversy 16 

How should we diagnose pouchitis? Is 
histopathology the only criterion? 

We firmly believe that the diagnosis of pouchitis 
should have three phases: clinical, endoscopic and 
histological [23]. The diagnosis should be based 
on the presence of clinical symptoms and signs: 
diarrhoea and/or discharge with associated systemic 
symptoms [68]. There must be endoscopic evidence 
of generalised inflammation within the pouch mu- 
cosa, appearing similar to the features of CIBD else- 
where in the intestines [68]. Finally, biopsies must 
reveal evidence of severe acute inflammation and 
ulceration (Fig 6.7) [69]. We do not believe that a di- 
agnosis of pouchitis could, or should, be based solely 
on histopathological features. This is because other 
causes of inflammation within the pouch may cause 
just as much inflammation and ulceration as pouch- 
itis: we have seen biopsies from patients with reser- 
voir inflammation caused by ischaemia, mucosal 
prolapse, Crohn's disease and even infective enteritis 
that have all shown enough histopathological ab- 
normality to justify a diagnosis of pouchitis accord- 
ing to current criteria [70]. Furthermore, the little 
recognised entity of secondary pouchitis, in which 
an external mass (usually a pelvic abscess but occa- 
sionally desmoid tumour or carcinoma) can cause 
florid inflammatory changes in the pouch mucosa, 
may show histopathological changes that strongly 
mimic pouchitis. In many centres, scoring systems 
have been used to grade the amount of histopatho- 
logical abnormality [69, 71]. The amount of ulcer- 
ation and acute inflammation required to correlate 
with a clinical and endoscopic diagnosis of pouchitis 
is usually dictated by the St Mark's scoring system 
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Fig 6.7 Pouchitis. There is surface pus indicating ulceration 
elsewhere and there is villous atrophy, diffuse chronic 
inflammation and a large erupting crypt abscess 
(at right). 



[71]: in this system an acute inflammatory score of 
four or more usually implies pouchitis. It is only the 
acute inflammatory score that correlates well with 
the clinical and endoscopic features of pouchitis 
[72]. A study of the Heidelberg pouchitis activity 
index has highlighted that, whilst histological and 
endoscopic scoring is reasonably reproducible, the 
clinical scoring system is less reliable [73]. 



Controversy 17 

Does dysplasia really occur in pouch mucosa? 

We have not seen dysplasia in ileal mucosa of the 
pelvic ileal reservoir in our own practices, although 
a few reports do exist in the literature [72-74]. Al- 
though there are theoretical reasons why dysplasia 
could be a considerable problem in an ileal mucosa 
subject to colonic phenotypic change and to inflam- 
mation with associated hyperproliferation [75], we 
now believe that concerns over potentially high rates 



of neoplasia in the ileal mucosa itself may have been 
over-called [23]. The operation has been established 
for almost 30 years and it would seem unlikely to 
us that the reservoir will suffer the same levels of 
neoplastic change that the colon does in ulcerative 
colitis patients. This is certainly supported by evi- 
dence from Kock's continent ileostomy operations, 
in which there has been no notable increase in neo- 
plastic change and, indeed, it would appear that the 
mucosa could revert to normality after 20 years [76]. 
This does not make us complacent and there is con- 
siderable concern about any remaining rectal or cuff 
mucosa at the lower end of the pouch. This cuff mu- 
cosa may well have considerable neoplastic poten- 
tial [23, 77]. 

Controversy 18 

Should we follow up pouch patients? 

There are reports of dysplasia and carcinoma in 
the pouch mucosa but recent data suggest that the 
neoplastic risk is generally low [78, 79]. Never- 
theless, we believe that ileal reservoirs should be 
subject to some form of surveillance [23, 70]. It 
has been recommended that patients undergo en- 
doscopic surveillance every year [70]. Protocols rec- 
ommend that biopsies be taken from several differ- 
ent sites in the pouch, according to standardised 
methodology, because the histological changes of 
colonic phenotypic change and inflammation may 
be patchy in the pouch mucosa [80, 81]. 

More recently, although not yet published, the 
International Organisation for IBD has asked a 
working group to study the whole question of 
neoplastic risk in and around the pouch and to 
make recommendations with regard to surveillance. 
They maintain that all patients do require surveil- 
lance but that only those with severe inflamma- 
tory changes, those with so-called type C histol- 
ogy, have a high risk of pouchitis and, at the same 
time, presumably, a somewhat higher risk of devel- 
oping dysplasia and cancer in the ileal mucosa of the 
pouch. These patients as well as those with 'cuffi- 
tis' and/or a substantial remaining anal transitional 
zone (ATZ: cuff) should be kept under very close 
surveillance. 
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A small subset of patients with an apparently 
clear diagnosis of ulcerative colitis may have pouch 
surgery and, at a later date, develop Crohn's disease. 
In one series, this occurred in 3 2 patients out of 790 
[82]. Crohn's disease should not be diagnosed on 
the basis of histological findings in the pouch alone. 
In this study pre-operative clinical, endoscopic or 
pathological features were not useful predictors of 
either pouch failure or of patient outcome. 

Controversy 19 

What is the role and value of upper GI endoscopy 
in the diagnosis, and differential diagnosis, of 
chronic inflammatory bowel disease? 

There is increasing interest in gastro-duodenal 
involvement in Crohn's disease, not least because 
minor abnormalities, easily detectable in mucosal 
biopsies at the time of upper gastro-intestinal 
endoscopy, appear to be much more common 
than previously thought. These abnormalities may 
provide corroborative evidence for a diagnosis 
of Crohn's disease, especially when symptoms 
and signs are caused by more distal occult small 
intestinal disease, poorly accessible to conventional 
diagnostic modalities. About 15% of patients with 
Crohn's disease will have duodenal histological ab- 
normalities, although gross involvement only affects 
about 2% of patients. On the other hand, focal ac- 
tive gastritis, sometimes known as focally enhanced 
gastritis, in the absence of H. pylori involvement, is 
said to be characteristic of gastric Crohn's disease. 
However, we firmly believe that this association has 
been over-called in the literature and there is support 
for our views from a recent study that indicates that 
such focally enhanced gastritis is neither a specific 
nor sensitive marker for CD [83]. Even if these 
upper gastrointestinal pathological changes occur 
in a setting of known CIBD, then some caution is 
appropriate as some clear-cut cases of ulcerative 
colitis may also have upper gastrointestinal tract 
lesions identical to those seen in Crohn's disease 
[84]. In paediatric disease, some authors have 
found oesophagogastroduodenoscopy a helpful 
investigation in cases of CIBD that are difficult to 
classify [85]. 



Conclusions 

In this revised chapter, for the second edition of this 
book, we have, once again, deliberately raised more 
questions than we have provided answers. We be- 
lieve it is the histopathologist's role to continually 
question perceived dogma in the diagnosis of inflam- 
matory bowel disease (as exemplified by the change 
in attitude to the possible treatment of dysplastic le- 
sions in ulcerative colitis). Histopathologists need to 
be fully aware of changes in disease with time and 
those introduced by newer drug therapies. There is 
also a need for continuing reassessment of diagnos- 
tic criteria of Crohn's disease- and ulcerative coli- 
tis. There is also an ongoing need for inter-observer 
and intra-observer studies. Likewise we should be 
required to review and, if necessary, modify our di- 
agnostic criteria for dysplasia on a regular basis. 
The full potential of the pathologist's role in the 
management of CIBD is only fully realised, we be- 
lieve, when the inter-disciplinary management team 
works together to benefit patient care. Pathologists 
should not work in isolation and should be kept in- 
formed, by being given all relevant clinical details on 
the pathology request form and by means of regular 
clinicopathological meetings, in which the patholo- 
gist plays a full and active role. We hope this chap- 
ter has raised enough items of interest to encourage 
pathologists and clinicians alike to continue with 
an active role in research and audit into improved 
diagnosis and management of CIBD and its compli- 
cations. 
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Introduction 

Inflammatory bowel disease (IBD) is a chronic in- 
flammatory disorder consisting of two main enti- 
ties: Crohn's disease and ulcerative colitis. Estab- 
lishing the correct diagnosis in patients with IBD is 
extremely important because the natural history and 
outcomes, medical management and surgical man- 
agement of these two entities are quite different. De- 
spite the advances in modern medical technology, 
diagnosing IBD in patients with chronic abdomi- 
nal symptoms and properly differentiating Crohn's 
from ulcerative colitis can sometimes still present 
a challenge to gastroenterologists. Approximately 
70% of patients with Crohn's disease have involve- 
ment of the small intestine, and in 30% the disease 
is limited to the small intestine [1, 2]. The diagnosis 
of Crohn's disease is usually established with con- 
trast imaging techniques or direct visualisation on 
endoscopy or at surgery. Laboratory data are only 
used as adjunctive evidence. Histopathological find- 
ings are preferred but not required [3]. Because the 
disease pattern and behaviour are the only reliable 
clues for Crohn's disease, identification of active in- 
testinal mucosal disease is the key to the diagnosis. 



Traditional modalities in diagnosing 
small intestinal Crohn's disease 

Small bowel radiography 

Because the small intestine mucosa is traditionally 
difficult to visualise, contrast small bowel radiogra- 



phy has been the main diagnostic imaging modality 
used to evaluate small intestinal Crohn's disease [4]. 
A single contrast small bowel series is the most com- 
monly ordered luminal radiographic study, although 
enteroclysis is considered the diagnostic examina- 
tion of choice because of the ability to distend the 
intestinal lumen for a detailed double contrast ex- 
amination [5, 6]. However, because there is not a 
single pathognomonic radiographic feature that de- 
fines Crohn's disease, the radiological diagnosis is 
based on subjective radiologist interpretations that 
take into consideration a wide range of possible 
findings. When the disease is mild and confined to 
the mucosa, it is possible for small bowel radiogra- 
phy to miss such lesions. This diagnostic modality 
also exposes patients to significant radiation. 

Traditional endoscopy 

Most of the small intestine is beyond the reach 
of standard endoscopes. Oesophagogastrodudeno- 
scopic examination may identify Crohn's lesions if 
there is disease involvement in the upper gastroin- 
testinal tract of the patient. Although retrograde 
ileoscopy is perhaps the most useful and definitive 
way of diagnosing small intestinal Crohn's disease 
via colonoscopy, some small intestinal Crohn's dis- 
ease lesions may not involve the terminal ileum or 
are not possible to examine because of technical 
difficulty in passing an endoscope through the ileo- 
caecal valve, especially if there is significant degree 
of inflammation due to Crohn's disease around the 
ileocaecal valve. 
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Enteroscopy 

Push enteroscopy was designed with the hope that 
the longer endoscope would enter deeper inside the 
small intestine. However, in practice, it can rarely 
be passed 100 cm beyond the ligament of Treitz 
[7]. Sonde enteroscopy reaches the ileum in approxi- 
mately 75 % of the time, but this procedure typically 
takes 8 h or longer to complete and is associated 
with significant patient discomfort [7] . For these rea- 
sons, it is seldom performed and only available at a 
few centres worldwide [8]. Another diagnostic form 
of enteroscopy is intra-operative push enteroscopy, 
which is usually reserved for severe cases. Using 
this approach the endoscope can usually examine 
the entire small intestine. However, the downsides 
of this procedure include the drawbacks associated 
with exploratory surgery, general anaesthesia, pro- 
longed post-operative ileus and costs of hospitali- 
sation. The recently introduced double-balloon en- 
teroscopy (Fujinon Corporation, Saitama, Japan), 
which can be inserted from either an oral or anal 
approach, has the capability to perform biopsy 
and certain therapeutic measures. One series re- 
ported that double-balloon enteroscopy achieved 
total small bowel examination by combining both 
the oral and anal approaches in 84% of the pa- 
tients [9]. However, it is also a labour-intensive 
procedure that may take more than 2 h to per- 
form in each direction. Preliminary results from 
a multi-centre study on 41 patients who under- 
went 47 double-balloon enteroscopy procedures 
showed that the average procedure time was 115 
min and the mean distance reached by double- 
balloon enteroscopy was 389 (40-665) cm (distal 
jejunum) [10]. In addition, potentially serious com- 
plications that are seen with intra-operative push 
enteroscopy, such as serosal tears, haematoma, per- 
foration, avulsion of mesenteric vasculature and 
prolonged ileus can probably be encountered in 
this procedure. Although the prospect of total en- 
teroscopy with the possibility of performing biopsy 
and therapy is intriguing, it is not certain that 
double-balloon enteroscopy will become a routine 
test used for examination of small intestinal Crohn's 
disease. 



Inadequacy of the traditional 
diagnostic modalities 

As stated above, each of these diagnostic modalities 
has its limitations. In reality, a majority of the bowel 
is often not thoroughly examined in the work-up 
of these patients. Delay in therapy, repetitive stud- 
ies or improper treatment may occur as a result. 
There are multiple case scenarios in which a more 
sensitive diagnostic modality is desired. For exam- 
ple, patients who have ulcerative colitis but still ex- 
perience significant symptoms, such as unexplained 
haematochezia or melaena, abdominal pain and/or 
nutritional deficiency, should be screened for small 
intestinal Crohn's disease. Even in patients with es- 
tablished Crohn's disease, confirming the presence 
or absence of suspected active disease activity in 
the small intestine can be critical in determining the 
best treatment options. Furthermore, patients with 
chronic abdominal symptoms suggestive of Crohn's 
disease, but without definite proof of the disease, 
deserve to be investigated further. From a finan- 
cial standpoint, the inadequate small bowel exam- 
ination may lead to excessive utilisation of health 
care resources, decrease in work productivity and 
increase in disability. A better diagnostic modality 
for small intestinal Crohn's disease is clearly needed. 

Capsule endoscopy 

Recent advances in medical technology have 
led to the development of capsule endoscopy 
(Figs 7.1-7.2), which was first described by Iddan 
and Sturlesi's team from Israel in 1997 [11]. Paul 
Swain underwent the first capsule endoscopy in 
August 1999 and stated that the capsule 'was eas- 
ily swallowed and caused no discomfort' [12]. Cap- 
sule endoscopy is a diagnostic procedure developed 
for the complete examination of the small intestine 
through video images transmitted from an ingestible 
video camera. Originally named the M2A capsule, 
the PillCam™ Capsule Endoscopy and Diagnostic 
Imaging System (Given Imaging, Inc., Yoqneam, 
Israel) is a commercially available system consisting 
of three major components: (1) a PillCam™ cap- 
sule (measures n mm in diameter and 26 mm in 
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Fig 7.1 The PillCam™ capsule endoscope. 

length and weighs 3.7 g) that contains a miniature 
complementary metal oxide silicon (CMOS) chip 
video camera, six light-emitting (LED) illumination 
sources, two silver oxide batteries, an UHF band 
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Fig 7.2 Inside the PillCam™ capsule endoscope. 



radio-frequency transmitter and an antenna; (z) sen- 
sor array and data recorder that are attached to the 
patient's body to receive and record data transmitted 
from the PillCam™ capsule; (3) a RAPID™ work- 
station that is used to initialise the data recorder 
and to download and process the raw data from 
the data recorder [13, 14]. The PillCam™ capsule 
captures images and transmits digital pictures at 
the rate of 2 frames/s. The processed information, 
composed of approximately 50,000 still images col- 
lected over an 8-hour period, can be reviewed as 
a continuous video stream at various speeds us- 
ing the proprietary Rapid Reader software (Given 
Imaging, Inc., Yoqneam, Israel). Another form of 
capsule endoscopy has recently been developed and 
tested using animal models (Olympus Medical Sys- 
tems Co., Tokyo, Japan) [15]. 

A number of studies have now demonstrated 
the superior sensitivity and specificity of capsule en- 
doscopy over traditional diagnostic studies of the 
small intestine for the evaluation of gastrointestinal 
bleeding [16-20]. The major advantages of capsule 
endoscopy over traditional imaging and endoscopic 
modalities include: (1) the ability to visualise the 
entire small bowel; (2) the ability to detect small, 
flat mucosal lesions; (3) it is a non-invasive pro- 
cedure; and (4) it is an ambulatory procedure that 
does not require sedation or hospitalisation and is 
well accepted by patients. In other words, capsule 
endoscopy is capable of providing detailed and ex- 
tensive endoscopic images of the entire small bowel 
and carries great promise in taking on many of the 
imaging roles occupied by the existing but inade- 
quate diagnostic modalities. For these reasons, cap- 
sule endoscopy has recently been used as a new di- 
agnostic modality for Crohn's disease, after having 
been primarily used in the evaluation of gastroin- 
testinal bleeding. 

Case examples of using capsule 
endoscopy in IBD patients 

Case 1 

A middle-aged female patient with a history of 
Crohn's disease was evaluated for severe abdominal 
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pain despite negative oesophagogastrodudenoscopy 
(OGD), colonoscopy and small bowel follow 
through (SBFT). It was previously thought that she 
had chronic pain syndrome with possible secondary 
gain. However, her capsule endoscopy study showed 
extensive Crohn's ulcerations throughout the small 
intestine. Afterwards, she was treated accordingly 
for Crohn's disease. 



Case 2 

The first case of a retained capsule, in our experi- 
ence, occurred incidentally in a female patient with 
a long-standing history of right lower quadrant 
abdominal pain, recurrent nausea and vomiting, as 
well as abdominal bloating. Multiple endoscopic, 
CT and small bowel radiography studies were 
unremarkable. The patient suspected that she had 
obstructive disease that could not be proven using 
conventional means. When warned of potential 
capsule retention in the setting of an obstructive 
anatomical lesion, she informed the gastroenterol- 
ogy staff that she would be delighted because 
she would readily accept surgical intervention if 
required. Indeed, the capsule held up in the distal 
ileum, but the aetiology could not be identified 
on capsule images because of a large amount 
of food debris in the same region. The patient 
then underwent an ileal resection and the tissue 
specimen confirmed stenosing Crohn's ileitis. She 
remained asymptomatic for more than 1 year after 
her surgery. This case exemplifies the possibility 
of intestinal obstruction despite multiple negative 
endoscopic and intestinal imaging studies. Her 
long-standing symptoms might have eventually led 
her to surgical resection even if Crohn's disease had 
been diagnosed and capsule endoscopy examination 
never been performed. Nonetheless, our current rule 
of practice is to investigate for possible obstructive 
symptoms before proceeding with any capsule en- 
doscopy examination. All patients with symptoms 
suggestive of obstruction are required to have a 
prior barium small bowel follow through study 
with presumed non-obstructive results before they 
can proceed to capsule endoscopy examination. 



Current clinical experience in 
adult patients 

Following Fireman et al. 's [21] paper published on 
the utility of capsule endoscopy for Crohn's disease 
in 2003, a few other studies have also been pub- 
lished in full manuscripts [21-28] and abstracts [29, 
30-35] (Table 7.1). In addition, several other stud- 
ies have included patients with Crohn's disease or 
with suspected Crohn's disease among larger stud- 
ies primarily aimed for the evaluation of patients 
with obscure gastrointestinal bleeding [19, 37-39]. 
Virtually all the studies designed to detect Crohn's 
disease have reported on less than 60 patients, but 
almost all showed evidence that capsule endoscopy 
could be useful in the diagnosis and management of 
small intestinal Crohn's disease. 

In a prospective study from Israel, Fireman et al. 
performed capsule endoscopy on 17 highly selected 
patients suspected of having Crohn's disease with 
symptoms including abdominal pain, diarrhoea, 
iron deficiency anaemia and/or weight loss [21]. 
These patients all had negative results on OGD, 
colonoscopy and barium small bowel radiography. 
A large proportion of patients (71%) were found 
to have intestinal lesions compatible with Crohn's 
disease by capsule endoscopy, with the majority of 
the lesions found in the distal small bowel. How- 
ever, only 6 of the 12 patients had their ileum in- 
tubated with retrograde ileoscopy and had confir- 
matory biopsy. These 12 patients were treated with 
aminosalicylates and corticosteroid therapy and 10 
patients had clinical improvement of their symp- 
toms. This small study provided the first insight 
into the inadequacy of traditional diagnostic modal- 
ities in diagnosing Crohn's disease and stimulated 
more investigations into the usefulness of capsule 
endoscopy for this condition. 

Herrerias et al. [22] prospectively studied the 
utility of capsule endoscopy in 21 patients in Spain 
with suspected Crohn's disease, after negative work- 
ups with OGD, colonoscopy and barium small 
bowel radiography. Capsule endoscopy was able 
to identify 9 patients with findings consistent with 
Crohn's disease. The lesions detected included aph- 
thous lesions, linear or irregular ulcers and fissures. 
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Retrograde ileoscopy was successfully performed in 
17 patients, with 6 patients found to have inflam- 
matory changes on biopsy. The 9 patients with find- 
ings of Crohn's disease on capsule endoscopy all 
went into clinical remission after they were subse- 
quently treated with aminosalicylates and corticos- 
teroid. However, no specific details on the treatment 
courses of these patients were discussed. 

Ge etal. [23] prospectively examined 20 patients 
with suspected Crohn's disease in China with cap- 
sule endoscopy. All the patients had normal barium 
small bowel radiography, OGD, colonoscopy (16 
patients) and abdominal CT (14 patients) prior to 
undergoing capsule endoscopic examinations. Thir- 
teen patients had findings on capsule endoscopy 
consistent with small intestinal Crohn's disease. The 
distribution of the lesions was mainly in the distal 
part of the small bowel. The findings detected by 
capsule endoscopy included mucosal erosions, aph- 
thous ulcers, nodularity, large ulcers and ulcerated 
stenosis. Of these 13 patients, n showed 'good clin- 
ical' improvement after treatment with aminosalicy- 
lates and short-term corticosteroid, while the other 
two patients showed 'some improvement' in their 
clinical symptoms only. Once again, the researchers 
did not elaborate on the description of the treatment 
courses. More importantly, because only 5 patients 
had their terminal ileums intubated with ileoscopy 
and not all of the patients had colonoscopy ex- 
amination, one must be concerned that the find- 
ings on capsule endoscopy were actually backwash 
ileitis or intestinal tuberculosis rather than Crohn's 
disease, because ulcerative colitis and tuberculous 
ileitis are more common than Crohn's disease in 
China [40-42]. 

Eliakim et al. [24] compared the diagnostic 
yields of capsule endoscopy, SBFT and multi-planar 
spiral entero-computed tomography (CT) in 35 pa- 
tients suspected of having Crohn's disease. The 
symptoms of these Israeli patients were chronic di- 
arrhoea, abdominal pain and/or weight loss. Cap- 
sule endoscopy detected 77% of the patients with 
Crohn's disease, which was superior to SBFT (23 %) 
and CT enterography (20%). Furthermore, capsule 
endoscopy was able to detect all the lesions iden- 
tified by the other two diagnostic modalities. The 
findings identified by capsule endoscopy included 



aphthous ulcers, erosions, ulcerations, erythema, 
nodular lymphoid hyperplasia and blunted or ab- 
sent mucosal villi. However, the diagnosis of Crohn's 
disease may have been inflated by the use of non- 
specific findings such as erythema and absent mu- 
cosal villi as diagnostic criteria, especially because 
they did not perform confirmatory biopsy. 

Mow et al. [25] performed capsule endoscopy in 
another highly selected group of 50 patients with on- 
going IBD symptoms. There were 22 patients with 
only known colitis, 20 patients with Crohn's dis- 
ease and uncertain extent of small bowel disease 
and 8 patients with suspected IBD. Patients with 
significant obstructive signs or symptoms were ex- 
cluded from the study. Forty of the 50 patients had 
undergone barium SBFT within 1 year of the cap- 
sule endoscopy examination and 68% of the SBFT 
were reported as normal. Ileoscopy was performed 
in 43 patients, with 41 patients having undergone 
ileoscopy within 1 year of their capsule endoscopy 
examinations. Overall, ileoscopy was unremarkable 
in 1 8 patients, although the rest of the patients had 
at least some degree of abnormality. In terms of cap- 
sule endoscopy examinations, 20 (40%) were felt 
to be diagnostic of Crohn's disease while 10 pa- 
tients (20%) were felt to be suspicious for small 
intestinal Crohn's disease. Capsule endoscopy find- 
ings were diagnostic of Crohn's disease in 3 of 8 pa- 
tients who had suspicious symptoms, but without 
having a prior established diagnosis of IBD. Eighty 
per cent of the patients with diagnostic or suspicious 
findings on the capsule improved clinically with in- 
tensified medical treatment for IBD. Twelve patients 
with a previous history of ulcerative colitis or inde- 
terminate colitis were found to have lesions in the 
small bowel and resulted in a change in diagnosis to 
Crohn's disease. Subsequent ileoscopy with biopsies 
definitely confirmed the diagnosis of small intestinal 
Crohn's disease in 5 of these patients. In this clin- 
ical setting, the findings on capsule endoscopy led 
to more aggressive medical treatment rather than 
performing colectomy [25]. 

Chong et al. prospectively compared the diag- 
nostic yields of capsule endoscopy, small bowel en- 
teroclysis and push enteroscopy in 22 patients with 
known and 21 patients with suspected small in- 
testinal Crohn's disease [26]. Capsule endoscopy 
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had findings consistent with small intestinal Crohn's 
disease in 17/22 patients with known Crohn's dis- 
ease and in 2/21 patients with suspected Crohn's 
disease. However, small bowel enteroclysis had find- 
ings compatible with Crohn's disease in 4/21 pa- 
tients with established Crohn's disease and none of 
the patients with suspected Crohn's disease. Lastly, 
push enteroscopy only demonstrated findings con- 
sistent with small intestinal Crohn's disease in 3 of 
the patients with known Crohn's disease and none 
of the patients with suspected Crohn's disease. The 
authors also surveyed their referring physicians and 
found that the management of the patients in their 
study was modified in 70% of the patients [26]. 

A Swedish group compared the diagnostic yields 
of capsule endoscopy, barium small bowel radio- 
graphy (89% enteroclysis, 11% SBFT), push en- 
teroscopy and ileocolonoscopy in 47 patients with 
suspected or active Crohn's disease in a prospective, 
controlled study published in abstract form [29]. 
All 47 patients completed all 4 diagnostic examina- 
tions within 3 months, except for ileocolonoscopy, 
in which only 44 patients had successful intuba- 
tion of the ileum. Lesions compatible with small in- 
testinal Crohn's disease were identified by one or 
more methods in 25 patients. Capsule endoscopy 
had the highest diagnostic yield ( 8 8 % ) , although the 
other modalities were less sensitive: ileocolonoscopy 
(68%), barium small bowel radiography (24%) and 
push enteroscopy (16%) [29]. 

Voderholzer et al. prospectively compared the 
diagnostic yield of capsule endoscopy with CT en- 
teroclysis in 56 patients with Crohn's disease [27]. 
The 56 patients first underwent CT enteroclysis and 
15 were excluded for capsule endoscopy procedure 
after strictures were detected on CT enteroclysis. 
Of the remaining 41 patients, 25 were found to 
have jejunal or ileal lesions by capsule endoscopy 
compared with 12 by CT enteroclysis (p = 0.004). 
Although these two diagnostic modalities did not 
differ significantly in the detection of lesions in the 
terminal ileum (capsule endoscopy detected 24/41, 
while CT enteroclysis detected 20/41), the capsule 
was able to detect more lesions proximally. Findings 
on capsule endoscopy led to changes in treatment in 
10 patients, all of whom responded clinically [27]. 
Likewise, a study comparing the diagnostic yield of 



capsule endoscopy with MR enteroclysis in 10 pa- 
tients with Crohn's disease who have terminal ileum 
involvement also showed capsule endoscopy to be 
the superior test [30]. However, these abstracts do 
not mention if confirmatory biopsy was performed. 
Caution should be used before labelling patients 
with Crohn's disease on the basis of minor find- 
ings such as villous denudation and fibrinous lesions 
without biopsy or other confirmatory studies. 

Legnani et al. [31] published, in abstract form, 
a longer period of patient follow-up. In 3 2 patients 
with either 'abnormal' (detailed definition not pro- 
vided in the abstract) small bowel radiography or 
abdominal pain, 30 had negative capsule endoscopy 
examinations. After a mean follow-up of 19 months, 
none of these 30 patients developed any evidence 
of Crohn's disease (criteria not provided in the ab- 
stract), yielding a 100% negative predictive value 
for capsule endoscopy. In another group of 3 3 pa- 
tients with either known IBD with normal small 
bowel radiography findings or patients with known 
Crohn's disease with persistent obscure bleeding, 1 8 
had positive capsule endoscopy examinations. Over- 
all, treatment decisions based on diagnostic findings 
from capsule endoscopy examination in 20/21 pa- 
tients led to clinical improvement [31]. However, 
this abstract did not provide details of the treatment 
course, nor was confirmatory biopsy performed on 
the patients. 

A published abstract by these authors reviewed 
retrospectively 97 capsule endoscopy procedures 
that were performed on 88 symptomatic patients 
with documented Crohn's disease over a 2-year pe- 
riod [31]. Forty-eight of 96 (50%) patients had 
findings diagnostic of active Crohn's disease and 
10 (10%) patients had findings suggestive of ac- 
tive Crohn's disease on capsule endoscopy, while 
33 (34%) patients had normal findings on the cap- 
sule. Twenty-two patients had colonoscopy data 
within 90 days (mean = 30 days) of their capsule 
endoscopy examinations for comparison. Although 
55% patients had disease findings on capsule en- 
doscopy, only one patient (5%) had a single aph- 
thous ulcer on colonoscopy. Furthermore, SBFT 
was performed within 90 days of the capsule en- 
doscopy examination (mean =30 days) in 32 cases, 
capsule endoscopy was found to be superior to 
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SBFT in detecting active Crohn's lesions (Fisher's Ex- 
act Test p = 0.05). This published abstract, based 
on selected patients, suggested that SBFT and 
colonoscopy added little value in assessing active 
disease in symptomatic Crohn's patients. In clinical 
practice, we feel that capsule endoscopy may be the 
preferred modality in evaluating established small 
intestinal Crohn's disease patients who present with 
active symptoms after the likelihood of stricture is 
ruled out. Large-scale, well-controlled prospective 
studies are needed to address this issue definitively. 
In spite of the rapidly increasing number of stud- 
ies on the utility of capsule endoscopy for diagnos- 
ing Crohn's disease and the apparent high diagnostic 
yield of active disease in many of these studies, care 
must be taken to not assume similar findings in a less 
selected population. The mere discovery of mucosal 
ulcers or erosions does not clinch the diagnosis and 
responses to Crohn's disease treatment have not 
been reported in sufficient detail. Several questions 
have also been raised about these studies: (1) the cri- 
teria for clinical suspicion of Crohn's disease were 
not well-described or uniform; (2) diagnostic crite- 
ria and terminology for capsule endoscopy findings 
have not been fully established; (3) patient selec- 
tion and exclusion were different in these studies; 
(4) long term follow-up was generally lacking in 
these studies; and (5) each study lacked detailed 
description of treatment course. Large-scale, well- 
controlled prospective studies are needed to confirm 
these preliminary data. 

Comparison of capsule endoscopy with 
traditional diagnostic modalities 

The preliminary results from these studies suggest 
that capsule endoscopy has the potential to achieve 
higher diagnostic yield than traditional modalities 
for the detection of small intestinal Crohn's dis- 
ease. A meta-analysis of capsule endoscopy com- 
pared to other modalities in patients with sus- 
pected or known non-stricturing small intestinal 
Crohn's disease was published in abstract form [43]. 
This meta-analysis included 10 studies comparing 
the diagnostic yields of capsule endoscopy and 
small bowel radiography, which were 62 and 27% 
(n = 226), respectively. The authors also analysed 4 



studies that compared diagnostic yields of capsule 
endoscopy and ileoscopy, which were 57 and 43% 
(n = 117), respectively. They also examined 3 stud- 
ies that compared the diagnostic yields of capsule 
endoscopy and CT enterography, which were 73 
and 41% (n = 70), respectively. Finally, they eval- 
uated 2 studies that compared the diagnostic yields 
of capsule endoscopy and push enteroscopy, which 
were 47 and 7% (« = 75), respectively [43]. The 
low sensitivity and general lack of additional in- 
formation to findings of capsule endoscopy from 
the preliminary studies have raised substantial scep- 
ticism in regards to the value of the small bowel 
radiography. However, in the published paper by 
Buchman et al. [28], 30 patients suspected of re- 
current Crohn's disease were evaluated with both 
SBFT and capsule endoscopy within a single week, 
and the results were quite different from those of all 
other published studies. Capsule endoscopy found 
21/30 patients with active Crohn's disease, while 
SBFT found 20/30 patients, and complete agreement 
between these two modalities occurred in 13 pa- 
tients [32]. In addition, despite the results of these 
studies, standard practice still routinely uses small 
bowel radiography as a screening measure for obvi- 
ous small bowel lesions and to exclude obstructions 
in patients who have symptoms and signs of possi- 
ble obstructions. Capsule endoscopy is still reserved 
for symptomatic patients without obvious obstruc- 
tion. The shortcoming of both CT enterography and 
MR enterography appears to be the fact that both 
of these studies may be normal when Crohn's dis- 
ease is mild and inflammatory changes are confined 
to the mucosa. Therefore, these two new diagnostic 
tools might not add much to the existing small bowel 
radiography, although more sophisticated technol- 
ogy may yield improved results. Instead, the most 
appropriate role for these two modalities is the de- 
tection of extra-luminal complications of Crohn's 
disease. CT enterography is quite useful in identi- 
fying abscesses, fistulas, bowel wall thickening and 
extra-intestinal inflammation [5]. In addition, this 
technique has the advantage of allowing the simul- 
taneous study of the mucosa and bowel wall, which 
makes it an ideal replacement of barium small bowel 
studies. Likewise, MR enteroclysis is capable of de- 
tecting Crohn's disease lesions, such as thickening 
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and distortion of the small intestinal folds, but the 
resolution is insufficient for the depiction of more 
subtle lesions such as aphthous ulcers [44]. Large- 
scale, well-controlled prospective studies are needed 
to confirm these preliminary results. 

Push enteroscopy has not been in widespread use 
for the diagnosis of Crohn's disease because Crohn's 
disease tends to have distal ileum and/or colonic in- 
volvement. Results from studies mentioned above 
have echoed this perception [26, 29]. The yield of 
positive biopsy results from the upper gastrointesti- 
nal tract in symptomatic Crohn's disease patients is 
also not satisfactory. Hence, push enteroscopy is un- 
likely to be useful in the diagnosis of Crohn's disease. 

Based on the number of studies thus far, it ap- 
pears that capsule endoscopy is valuable in exam- 
ining the terminal ileum, although it offers only 
a slight advantage over retrograde ileoscopy via 
colonoscopy. Capsule endoscopy seems more help- 
ful for patients in whom it is not technically feasi- 
ble to perform a retrograde ileoscopy, and when it 
is clinically necessary to examine the other regions 
of the small intestine. However, most of these data 
were presented only in abstract form and specific 
details on the study designs and descriptive findings 
of these studies are lacking. Whether the capsule en- 
doscopy findings from these studies truly represent 
small intestinal Crohn's disease, or lesions due to 
other aetiologies, is unclear. Therefore, larger-scale, 
well-controlled prospective studies are required to 
confirm these preliminary conclusions. Until then, 
capsule endoscopy should be performed after ileo- 
colonoscopy in the diagnostic work-up for patients 
with suspected Crohn's disease. 

Distribution of Crohn's disease lesions 
on capsule endoscopy 

Traditionally, intestinal Crohn's lesions are believed 
to localise in the distal ileum. With the development 
of capsule endoscopy, we are now able to directly 
visualise the small bowel mucosa to gain insight as 
to the localistion and distribution of Crohn's dis- 
ease. Tabibzadeh et al. [45] have reported on the 
distribution of small bowel erosions or ulcerations 
in patients presenting for capsule endoscopy. The 
authors have evaluated the distribution of small 



bowel lesions in 97 capsule endoscopy procedures 
that were performed on 88 symptomatic patients 
with documented Crohn's. Forty-four of 96 (46%) 
procedures showed lesions in more than one region 
of the small bowel. The distribution of the lesions 
in the small bowel were: 23% of the lesions were 
found in the duodenum, 34% of the lesions were 
found in the jejunum, 42% of the lesions were found 
in the proximal ileum, and 61% of the lesions were 
found in the terminal ileum. Only 5 cases showed le- 
sions in the duodenum, jejunum, or proximal ileum 
without lesions in the distal ileum (Fisher's Exact 
Test p < 0.0001). Although this result confirmed 
the theory that most of the Crohn's disease lesions 
are located in the distal ileum, the surprisingly high 
number of lesions detected in the more proximal re- 
gions suggested that perhaps Crohn's disease is more 
evenly distributed than once thought. 

Appearance of Crohn's disease lesions 
on capsule endoscopy 

Using capsule endoscopy to diagnose small intesti- 
nal Crohn's disease can be a challenging task sim- 
ply for the reason that the small bowel mucosal lin- 
ing has never been visualised in detail before. The 
natural assumption is that the typical ulcers, ero- 
sions and inflammation seen in the terminal ileum 
and duodenum by conventional endoscopy would 
appear the same in the other locations of the small 
bowel on capsule endoscopy. Capsule endoscopy 
has the ability to identify Crohn's lesions between 
the two ends of the small intestine. Indeed, the ap- 
pearance of lesions on capsule endoscopy closely re- 
sembles those captured with traditional endoscopy 
(Fig 7-3)- 

However, as described in the studies above, nu- 
merous terms describing lesions identified by cap- 
sule endoscopy have appeared from various studies. 
A standardised terminology system for capsule en- 
doscopy findings is warranted in order to compare 
findings, define diagnoses and determine the sever- 
ity of the disease. This is of particular importance 
in describing these findings because there is limited 
ability in gauging the depth of many mucosal lesions 
[46]. Gastroenterologists from a tertiary medical 
centre in New York have designed a Crohn's disease 
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Fig 7.3 Sample of capsule endoscopy pictures of intestinal Crohn's lesions, in patients with established Crohn's disease, 
captured with the PillCam™ capsule endoscope, (a) Small bowel ulcer with surrounding edema, which is commonly seen 
but not exclusively in Crohn's disease, (b) Jejunal Crohn's stricture, which was subsequently confirmed in surgical resected 
specimen, (c) Linear, serpiginous ulcer commonly seen in Crohn's disease, (d) Aphthous lesion. 



capsule endoscopic scoring index scale called the 
'Lewis scoring system' for the description of small 
intestinal lesions detected on capsule endoscopy 
[47]. Whether this scoring index will be applicable 
and useful is still to be determined. In addition, fu- 
ture studies should address whether lesions in the 



ileum detected by capsule endoscopy can be scored 
with Crohn's disease endoscopic index of severity 
(CDEIS), which measures disease activity on the ba- 
sis of colonoscopy findings [48]. 

A major concern with the findings on capsule 
endoscopy is that patients with advanced Crohn's 
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disease may have typical endoscopic lesions, but 
many of the less severe lesions can be difficult to dif- 
ferentiate from lesions caused by non-steroidal anti- 
inflammatory drugs (NSAIDS) [49]. Furthermore, 
published abstracts suggested that small lesions in 
the intestine could even occur in asymptomatic con- 
trol subjects not taking NSAIDS [50, 51]. A few 
scattered erosions, erythema or mucosal breaks are 
insufficient to establish the diagnosis of Crohn's dis- 
ease, although large ulcers located in the small bowel 
are perhaps more specific for Crohn's disease [46]. 
Voderholzer et al. suggested that the finding of more 
than 10 apthous ulcers on capsule endoscopy raises 
high index of suspicion for Crohn's disease [2.7]. 
However, Mehdizadeh et al. classified symptomatic 
patients with more than three small bowel ulcers 
on capsule endoscopy examination as having ac- 
tive Crohn's disease [32]. Therefore, extreme cau- 
tion is warranted before diagnosing patients with 
CD, which is a life-long disease, simply based on 
a few small and scattered small bowel lesions de- 
tected on capsule endoscopy. It is the opinion of 
these authors that practicing physicians should cor- 
relate capsule endoscopy findings with clinical find- 
ings. Nonetheless, the possibility of 'silent' Crohn's 
disease must always be kept in mind even in asymp- 
tomatic patients. 

Use of capsule endoscopy in the 
pediatric patients with Crohn's disease 

Few studies have so far evaluated the utility of cap- 
sule endoscopy in paediatric patients with Crohn's 
disease [52, 53]. Arguelles-Arias et al. [52] found 
capsule endoscopy to be well tolerated and safe in 
1 2 paediatric patients (age 12-16) suspected of hav- 
ing Crohn's disease. Seven of the 12 patients were 
found to have lesions suggestive of small intestinal 
Crohn's disease on capsule endoscopy after nega- 
tive findings with OGD, colonoscopy (5 patients 
had ileoscopy) and SBFT. The children with find- 
ings consistent with Crohn's disease were treated 
with corticosteroid and oral aminosalicylates, and 
all went into either clinical remission or analyt- 
ical remission (term not explained) with at least 
3 months of follow-up [52]. The limited data sug- 
gest that capsule endoscopy may be safe and well 



tolerated in paediatric patients and may be effective 
in diagnosing Crohn's disease. Nonetheless, larger- 
scale, prospective studies are needed to confirm cap- 
sule endoscopy as a routine diagnostic modality in 
detecting Crohn's disease in the paediatric popula- 
tion. It would be a welcome improvement if capsule 
endoscopy could replace small bowel radiography 
and reduce radiation exposure in children. More- 
over, permanent trapping of a capsule proximal to 
a Crohn's lesion may be a more common event in 
children who have a naturally smaller intestinal cali- 
bre than in adults. Furthermore, future studies must 
determine the smallest size or youngest age of pa- 
tients who can undergo capsule endoscopy exam- 
ination, as well as standardised approaches to in- 
sert the capsule in paediatric patients who cannot or 
refuse to swallow the capsule. Nevertheless, capsule 
endoscopy in carefully chosen young patients may 
lead to early treatment and restore proper growth 
and development. 

Experience of capsule endoscopy in 
patients with ulcerative colitis 

Studies on the utility of capsule endoscopy in the 
IBD world have been mostly limited to the diag- 
nosis of Crohn's disease. Its role in patients with 
established ulcerative colitis is unknown. The au- 
thors have retrospectively examined the case records 
at our centre and identified all patients with mod- 
erate to severe ulcerative colitis who underwent 
capsule endoscopy over a 3 -year period. A single 
experienced endoscopist reviewed all the capsule 
endoscopy images (Simon K. Lo). The finding of 
multiple ulcerations (> 3 ) on capsule endoscopy was 
classified as diagnostic of small intestinal Crohn's 
disease. Seventy-one patients with known moder- 
ate to severe ulcerative colitis underwent 73 cap- 
sule endoscopy procedures during the 3 -year period. 
Patients were grouped as follows: Group A, consist- 
ing of 61 (86%) patients with moderate to severe 
ulcerative colitis with either symptoms out of pro- 
portion to colitis such as severe abdominal pain, 
or non-bloody diarrhoea or steroid refractory dis- 
ease and, Group B, consisting of 10 (14%) patients 
with previous colectomy who continued to have, 
or developed new onset of, symptoms including 
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diarrhoea and/or abdominal pain and pouchitis re- 
fractory to antibiotic therapy. Eleven of 61 (18%) 
patients in Group A had findings consistent with 
Crohn's disease and 3 of 10 (30%) patients with pre- 
vious colectomy (Group B) had findings consistent 
with Crohn's disease on capsule endoscopy. Among 
the 14 patients with positive findings on capsule en- 
doscopy, 9 had a SBFT within 3 2 days of the cap- 
sule, but none showed evidence of Crohn's disease. 
Most of these 14 patients have been followed-up 
after their capsule endoscopy examinations, with 
clinical information that supported their change in 
diagnosis to Crohn's disease. 

From these results, we conclude that a small 
but significant number of patients with moderate 
to severe ulcerative colitis have the potential to be 
reclassified as Crohn's disease when further evalu- 
ated by capsule endoscopy. The sensitivity of SBFT 
was found to be inferior to capsule endoscopy in 
these patients. These preliminary findings suggest 
that capsule endoscopy could be useful in evaluat- 
ing ulcerative colitis patients who have persistent 
symptoms. It is logical to assume that if capsule en- 
doscopy is proven to be useful in reclassifying a sub- 
set of ulcerative colitis patients to Crohn's disease, it 
may impact upon the choice of medical or surgical 
therapy and may alter the course of illness in these 
patients. A negative capsule endoscopy study may 
be equally valuable as it may exclude Crohn's dis- 
ease in ulcerative colitis patients who have persistent 
or extraordinary symptoms. 

Experience of capsule endoscopy in 
patients with indeterminate colitis 

Indeterminate colitis is defined here as estab- 
lished isolated colitis in which available endoscopic, 
pathologic, laboratory and radiological studies are 
inconclusive for ulcerative colitis or Crohn's disease. 
Up to 10% of patients with IBD are considered to 
have indeterminate colitis [4] . The diagnosis of inde- 
terminate colitis in these patients would be changed 
to Crohn's disease if lesions were identified in the 
small intestine [54]. Forty-five patients with inde- 
terminate colitis had capsule endoscopy examina- 
tion at our institution. Twenty-two (49%) had small 
intestine lesions suggestive of active Crohn's disease 



and had therapeutic changes [3]. Whitakei et al. [55] 
examined 7 indeterminate colitis patients (including 
3 patients with history of procto-colectomy) with 
capsule endoscopy. In 2 patients, lesions consistent 
with small intestinal Crohn's disease were detected 
by capsule endoscopy, and 3 other patients had sub- 
tle changes including isolated erosions and apht- 
hous ulceration in the distal small bowel. In the 4th 
International Conference on Capsule Endoscopy, 
Mascarenhas-Saraiva of Portugal presented 27 pa- 
tients with indeterminate colitis who had chronic 
colonic inflammation that had capsule endoscopy 
examinations [56]. In these 27 patients, 22% of 
the patients had mucosal alterations in the small 
bowel compatible with Crohn's disease, while 7.4% 
of the patients had findings suspicious for Crohn's 
disease. These preliminary data suggest that capsule 
endoscopy could be a useful modality in patients 
with indeterminate colitis. However, clinical signifi- 
cance of subtle small bowel lesions is unknown and 
long-term follow up of these patients is certainly 
warranted. Furthermore, whether a negative capsule 
endoscopy study can fully exclude small intestinal 
Crohn's disease in patients with indeterminate coli- 
tis remains to be investigated in future studies. 

Challenges and concerns of using 
capsule endoscopy in IBD patients 

Capsule retention 

Although a number of the studies on the utilisation 
of capsule endoscopy for Crohn's disease have been 
promising, there are still concerns and questions 
about performing capsule endoscopy in this setting 
because intestinal obstruction may occur in 3 5-54 % 
of patients with Crohn's disease [57]. Many physi- 
cians and patients are concerned that the capsule 
may stick proximal to the stricture and lead to in- 
testinal obstruction. Even if a retained capsule does 
not induce obstructive symptoms, it must be re- 
moved before the capsule's contents, come in contact 
with the intestinal lining and cause injury. Therefore, 
it is important to address the question of whether 
capsule endoscopy is safe to perform on patients 
with known or suspected small intestinal Crohn's 
disease. 
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Out of the initial 26,500 patients undergoing 
capsule endoscopy for various indications, only 28 
failed to pass the capsule because of unsuspected ob- 
structive lesions (0.1%) [58]. Furthermore, in all 28 
patients with retained capsules, capsule endoscopy 
identified the cause of capsule retention and led to 
proper treatment. Another study showed that the 
capsule was retained in 7 of 272 patients (3.6%) 
with 5 patients requiring surgical intervention and 

2 patients requiring endoscopic removal of the cap- 
sule [59]. Given the higher frequency of strictures 
in patients with Crohn's disease, it is likely that the 
true incidence of capsule retention in Crohn's dis- 
ease is significantly higher than the reported 0.1- 
3.6% for all indications. One of the main reasons 
that the capsule retention rate has not been as high 
as expected in Crohn's disease patients is that most 
of the studies conducted had excluded patients with 
symptoms suggestive of obstructive disease. Of the 
first 97 capsule endoscopy cases that we retrospec- 
tively reviewed, which were performed on 8 8 symp- 
tomatic patients with documented Crohn's disease, 

3 capsules were retained. Two of the 3 patients re- 
quired surgical removal while the other one passed 
the capsule spontaneously after 3 weeks. 

Another published abstract retrospectively re- 
viewed 3 8 patients with known Crohn's disease who 
had undergone capsule endoscopy and found reten- 
tion of the capsule proximal to a stricture in 5 of 
6 patients with retained capsules [60]. Of the 6 pa- 
tients with retained capsule, 3 patients had stric- 
tures that were not detected by prior SBFT while 
the other 3 patients were suspected of having stric- 
tures prior to capsule endoscopy examination. In 5 
patients, the obstructing lesions were resected and 
led to complete resolution of the patients' underly- 
ing symptoms. More importantly, acute small bowel 
obstruction did not occur in any of these 6 patients. 
As a result, the authors of the study proposed that 
a retained capsule might be considered a 'therapeu- 
tic complication' that can be of value in the evalu- 
ation and management in patients with known or 
suspected Crohn's disease [60]. Whether or not it 
is clinically advantageous to have a capsule stuck 
proximal to a Crohn's stricture or not, it is important 
for gastroenterologists to clearly explain to the pa- 
tients about the potential risk involved with capsule 



endoscopy examination as well as the possible con- 
sequences that might require surgical intervention. 
Most experts feel that for patients that had cap- 
sule endoscopy examinations but the capsule video 
recordings do not show images of the colon and the 
patients fail to notice the capsule endoscope in the 
stool, an abdominal X-ray is warranted in 7 days to 
check for capsule retention [61]. 

Standard practice favours performing SBFT 
prior to capsule endoscopy to rule out strictures, 
but this is surprisingly not a reliable way to ex- 
clude short or moderate strictures. As a result, Given 
Imaging (Yoqneam, Israel) is investigating the pos- 
sibility of screening patients with a potential silent 
stricture using a dissolvable test capsule before sub- 
jecting them to the real capsule studies. This Patency 
capsule system consists of two components: (1) an 
ingestible, dissolvable capsule that is has the exact 
dimension as the PillCam™ capsule (n x 27 mm) 
with a tiny radio frequency ID (RFID) tag, and (2) a 
hand-held scanner used to detect the RFID tag. The 
Patency capsule can be identified by either the hand- 
held scanner or fluoroscopy because it contains a 
small amount of barium. This capsule is designed 
to disintegrate into small components and pass 
naturally after 40-100 h. If the capsule passes whole 
in a timely fashion, then the regular PillCam™ cap- 
sule can theoretically be safely administered to the 
patient. 

A multi-centre trial has been conducted to assess 
the ability of the Patency capsule to verify functional 
small bowel patency in 85 patients with suspected or 
confirmed small bowel strictures (80 patients with 
strictures confirmed by conventional radiology and 
61% with Crohn's disease) [62]. The Patency cap- 
sule was excreted intact in 39 of 80 patients with ra- 
diographically confirmed strictures and non-intact 
in 41 patients. The Patency capsule was excreted 
intact in all 5 patients with suspected strictures. 
Twenty of the 85 patients experienced abdominal 
pain that either resolved spontaneously or with 
treatment (treatment method was not discussed in 
the abstract). Thirty-three patients who had their 
gastrointestinal tract patency verified then under- 
went capsule endoscopy and the capsule passed nat- 
urally in all cases [62]. The results of these stud- 
ies raises some questions about adopting Patency 
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capsules as part of clinical practice because it can 
still lead to severe abdominal pain requiring treat- 
ment in a significant number of patients. It has 
been suggested that abdominal pain in these circum- 
stances could be due to temporary intestinal occlu- 
sion induced by the Patency capsule [63]. Further- 
more, some Patency capsules disintegrate prema- 
turely and therefore potentially lead to false negative 
results. Therefore, the exact role of Patency capsule 
is still to be determined. Till then, the Patency cap- 
sule should be used cautiously in patients who are 
at risk of having strictures. 

Incomplete small bowel examination 

Another consideration is that capsule endoscopy 
cannot achieve complete small bowel examination 
in many patients. Mergener et al. [59] found that 
the capsule endoscope failed to complete examina- 
tion of the small bowel in 59/197 patients. Hyun 
et al. [64] retrospectively reviewed 197 capsule en- 
doscopy cases and found that the capsule success- 
fully examined the entire small bowel in 65% of 
the cases. Another abstract retrospectively reviewed 
282 capsule endoscopy cases in 266 patients and 
found 64 cases had incomplete examination of the 
small bowel [65]. In our experience, in 89 patients 
with established Crohn's disease presenting with 
symptoms who underwent 96 capsule endoscopy 
procedures, the capsule was able to reach the cae- 
cum in 64 of 96 (67%) procedures. 

Many of these patients who had incomplete ex- 
amination of the small bowel by capsule endoscopy 
have risk factors that may cause delayed capsule 
transit time. A series, reported in abstract form, 
reviewed 463 capsule endoscopy cases and factors 
such as prior abdominal surgery, Crohn's disease, di- 
abetes, hypothyroidism and space-occupying intra- 
luminal lesions were analysed [66], The capsule 
failed to pass the entire length of the small bowel in 
145 cases. Prior abdominal surgery and diabetes had 
the highest risks for delayed transit time [66]. Failure 
to completely investigate the small bowel may lead 
to a false negative examination or under-estimate 
the extent of the patient's disease because the ileum 
is extremely important to evaluate in Crohn's dis- 
ease patients. Manufacturing a capsule with longer 



battery life or smaller size could alleviate this prob- 
lem. A smaller size capsule could, theoretically, be 
safer in pediatric patients as well. 

Bowel preparations and prokinetic agents have 
also been investigated to alleviate this problem. 
Fireman et al. [67] measured the gastric, small 
bowel and colon transit times by capsule endoscopy, 
with and without bowel preparation, in 62 pa- 
tients with small bowel and colon pathologies. The 
patients were divided into 3 groups: (1) prepared 
with polyethylene glycol (n = 9); (2) prepared with 
sodium phosphate (n = 13); and (3) with no prepa- 
ration (n = 40). The results showed that, compared 
to both sodium phosphate and no preparation, 
oral polyethylene glycol significantly shortened the 
transit time of the capsule through the stomach 
and small bowel. Likewise, metoclopramide, ery- 
thromycin and tegaserod have been found to en- 
hance capsule transit time [68-70]. A published 
study prospectively evaluated the small bowel tran- 
sit in 1 50 patients undergoing capsule endoscopy, in 
which metoclopramide was not administered to the 
first 83 patients, but was given orally to the subse- 
quent 67 patients, and found a much higher likeli- 
hood that the capsule reached the colon in the latter 
group of patients [68]. However, pro-kinetic agents 
should not be administered intentionally when there 
is a known stricture in the small intestine. 

Image quality 

Factors such as food debris, air bubble, faecal mat- 
ter, mucous secretions, inadequate lighting and bile 
may compromise the quality of video images. Most 
gastroenterologists employ the standard practice, 
which is to start the NPO period about 8-12 h 
prior to capsule endoscopy examination. The ex- 
tent to which pre-treatment with oral purging so- 
lution optimises the quality of the examination is 
still being debated. Niv et al. [71] retrospectively 
evaluated 32 patients who underwent capsule en- 
doscopy examination, with the first 10 patients pre- 
pared with overnight fasting only, while the next 22 
had oral sodium phosphate. An experienced endo- 
scopist and endoscopy nurse, who were blinded to 
the method used, graded the quality of the video 
images and found 5 of 10 patients in the overnight 
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fasting group had poor preparation rating in con- 
trast to only i of the 22 patients given oral sodium 
phosphate (p = 0.01). Another study also found 
that bowel preparation improved the visualisation 
of the small bowel in patients undergoing capsule 
endoscopy [72]. 

Mucosal healing 

Endoscopic examination is the most widely used 
modality for the assessment of the extent and the 
severity of Crohn's disease in the small bowel and 
the colon [73]. Hence, after confirming the diag- 
nosis of Crohn's disease, one needs to question 
whether the lesions detected on capsule endoscopy 
are correlated with clinical symptoms and if mu- 
cosal healing represents remission of the disease. If 
the answer to the question is yes, then capsule en- 
doscopy may become a critically important tool in 
the management of Crohn's disease. Although ear- 
lier studies have clearly shown that mucosal heal- 
ing is not correlated with response to oral corticos- 
teroids and that mucosal healing does not accom- 
pany improvement of disease activity of Crohn's dis- 
ease [74-76], newer and more potent therapies for 
Crohn's disease have since been shown to induce 
mucosal healing [73]. D'Haens et al. [77] observed 
complete or partial healing of colonic lesions in 
9 5 % of their 20 patients in clinical remission treated 
by azathioprine. Furthermore, treatment with in- 
fliximab has also demonstrated mucosal healing as 
early as 4 weeks after a single infusion [78]. De- 
binski assessed mucosal healing by infliximab infu- 
sion using the Crohn's disease capsule endoscopic 
scoring index ('the Lewis scoring system') in 13 pa- 
tients with clinically active small intestinal Crohn's 
disease documented by capsule endoscopy [79]. In 
this study, infliximab infusion was administered in 
these 13 patients at weeks o and 6, and then at 
weeks 8-10 the patients underwent a second cap- 
sule endoscopy examination, which showed com- 
plete mucosal healing in 46% of the patients. It is 
conceivable that capsule endoscopy has the poten- 
tial to be used in the future to document objectively 
clinical improvement and remission. Therefore, it is 
important for future studies to investigate this is- 
sue further, as well as whether findings on capsule 



endoscopy can predict response to a specific treat- 
ment regimen. 

Inability to perform biopsy 

The inability to perform mucosal biopsy in order 
to obtain histological specimens is one shortcoming 
of capsule endoscopy. The mere detection of small 
bowel ulcerations does not mean the patient would 
have Crohn's disease. Furthermore, established di- 
agnostic criteria for IBD, such as those of Lennard- 
Jones [80], are based on multi-modality work-up 
and tend to rely on histological findings not obtain- 
able with capsule endoscopy. Due to the inability 
to obtain tissue specimens, the recently introduced 
double-balloon enteroscopy (Fujinon Corporation, 
Saitama, Japan), might be able to complement the 
limitations of capsule endoscopy. 

A recent multi-centre retrospective study in 
the United States compared the diagnostic yields 
of double-balloon enteroscopy with capsule en- 
doscopy [10]. In this study, 13 patients with 
gastrointestinal bleeding had concordant double- 
balloon enteroscopy and capsule endoscopy test re- 
sults; only 2 patients had a negative capsule study 
but a positive double-balloon enteroscopy proce- 
dure. All 9 capsule endoscopy studies for non- 
gastrointestinal bleeding indications showed non- 
specific findings, including submucosal nodules, 
thickened edematous folds and blunted villi. On 
the contrary, only 3 of these patients had posi- 
tive findings on double-balloon enteroscopy, includ- 
ing a large ileal carcinoid that was confirmed at 
biopsy. The mean time for the double-balloon en- 
teroscopy procedure was 115 min, whereas his- 
torical data on capsule endoscopy reading time is 
approximately 60 min. This study concluded that 
these 2 modalities might have complementary roles 
in the evaluation of unexplained gastrointestinal 
blood loss. Both endoscopic techniques are reason- 
ably sensitive (>50%) in identifying the source of 
unexplained gastrointestinal bleeding. A distinct ad- 
vantage of double-balloon enteroscopy over capsule 
endoscopy is the ability to deliver therapy and per- 
form biopsy, whereas capsule endoscopy seems to 
have a much shorter procedure time and is less in- 
vasive. Hence, the issue of correlating findings on 
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capsule endoscopy to histology or conventional en- 
doscopy in IBD patients may soon be clarified. 



significantly in the proximal and terminal ileum 
[85]. 



Inter-observer variability of capsule endoscopy 
image analysis 

The process of capsule endoscopy image interpre- 
tation has not been standardised with respect to 
the (1) selection and training of individual readers; 
(2) determination of the gold standard to which find- 
ings are compared to assess sensitivity and false pos- 
itive rates; and (3) inadequate assessment on inter- 
observer variability between readers. Survey from 
the 2003 International Conference of Capsule En- 
doscopy (ICCE) found that 82% of gastroenterol- 
ogists reported that they were the first reader to 
interpret the capsule endoscopy case recordings, al- 
though 18% used a resident, physician assistant 
and/or nurse to interpret the capsule endoscopy 
case recordings first [81]. Preliminary studies of 
inter-observer variability have mostly been limited 
to comparison between 1 and 4 different read- 
ers [82, 83]. Although most studies have shown 
good concordance rates between physicians and 
non-physicians/gastroenterology fellows, the con- 
cordance rates from these studies were simply cor- 
relations between identification of major lesions 
[82, 83]. Chen et al. [84] found a sensitivity of 
80% in detecting clinically significant lesions on 
wireless capsule endoscopy, but a moderate rate 
of inter-observer disagreement on minor findings 
in a group of untrained capsule readers (n = 10). 
Therefore, whether physician extenders can serve 
as the initial screeners to help save physicians' 
time in interpreting capsule images is still wait- 
ing to be seen. Because of the inter-observer vari- 
ations on the minor findings, standardisations of 
capsule endoscopy image interpretation and proper 
reader training must be addressed in future stud- 
ies. Another published abstract assessed the inter- 
observer agreement between 2 experienced capsule 
endoscopists (each has performed over 100 cap- 
sule endoscopy cases) by using capsule endoscopy 
recordings from 27 patients [85]. The 2 capsule en- 
doscopists were found to have a high level of agree- 
ment with respect to Crohn's lesions in the duo- 
denum and jejunum, but the agreement decreased 



Transmural disease 

Although capsule endoscopy has revolutionised the 
examination of small bowel by transmitting high 
quality images, it is unable to detect transmural 
disease, which can be important in patients with 
Crohn's disease. The inability to assess fistulas and 
abscesses could place capsule endoscopy at a disad- 
vantage in patients with advanced Crohn's disease. 
New, modified CT and MRI can help the practicing 
gastroenterologist to assess transmural disease. 

Other concerns associated with 
capsule endoscopy 

There are other minor, but important, concerns that 
need to be addressed as well. First, the safety of 
capsule endoscopy in pregnant patients has not yet 
been established [12, 13]. It is unlikely that there is 
a direct health impact on pregnancy or the foetus. 
Rather, the clinical circumstance related to capsule 
retention could lead to an abdominal surgery, radi- 
ological capsule localisation and potential obstruc- 
tive symptoms. Second, the exact safety profile and 
possibility of interference of data recording in pa- 
tients with cardiac pacemaker or defibrillator have 
not been fully established. Recently, a case was 
reported of a patient with a cardiac pacemaker 
implanted in the abdominal wall who underwent 
capsule endoscopy examination [86]. After capsule 
ingestion, cardiac monitoring showed no modifica- 
tion of the pacemaker compartment, but the cap- 
sule recording revealed more than 3 h of image 
loss. Another study evaluated 5 patients with car- 
diac pacemaker who underwent capsule endoscopy 
examination, but did not find any interference or 
adverse cardiac events [87]. It appears capsule en- 
doscopy is safe in patients with cardiac pacemakers, 
but, whether the cardiac pacers can lead to loss of 
endoscopy images is not certain. 

Economic decision model 

Goldfarb et al. developed a decision tree model de- 
signed to evaluate the economics of two diagnostic 
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approaches in Crohn's disease - colonoscopy and 
SBFT or capsule endoscopy [88]. They estimated 
that capsule endoscopy produces a cost saving of 
$291 USD for each case presenting for diagnos- 
tic work-up for Crohn's disease. Sensitivity analy- 
sis was performed using varying diagnostic yields of 
colonoscopy and SBFT versus capsule endoscopy, 
based upon data from the available literature. The 
investigators found that capsule endoscopy is still 
less costly than colonoscopy, even at the highest re- 
ported diagnostic yields of SBFT and colonoscopy, 
as long as the diagnostic yield of capsule endoscopy 
is 64.1% or better [88]. Hence, the payers may find 
capsule endoscopy as the first-line diagnostic proce- 
dure to be more cost effective than the traditional 
approach for diagnosing small intestinal Crohn's 
disease after obstructive symptoms are excluded. 
However, data from larger- scale, well-controlled 
prospective studies are needed in order to design a 
definitive economic decision model. 



Conclusion 

IBD is a condition that affects at least the mucosal 
lining and has remained a diagnostic challenge to 
gastroenterologists since its initial description more 
than 70 years ago [89]. After decades of diagnos- 
tic refinements, direct visualisation of disease activ- 
ity within the small intestine remains an important 
component in disease confirmation. Conventional 
imaging tests and surgical exploration are insensi- 
tive, imprecise or impractical to rely upon for this 
purpose. Capsule endoscopy may have finally ar- 
rived as the diagnostic modality of choice. Prelimi- 
nary studies have shown evidence that the capsule 
study could be superior to traditional imaging 
modalities to inspect the small intestine for ac- 
tive Crohn's disease. Anecdotal experiences mostly 
based on abstract reports, have already suggested 
that it is useful in diagnosing new Crohn's disease, 
monitoring disease activity, better defining indeter- 
minate colitis and re-classifying ulcerative colitis. 
Capsule endoscopy is also potentially capable of 
altering disease management and improving clin- 
ical outcomes, and perhaps providing physicians 
with valuable information on the natural history of 
inflammatory bowel disease. Although histological 



proof is not necessary to confirm Crohn's disease, 
it is important for correlation with endoscopic find- 
ings in order to establish uniformity in endoscopic 
nomenclature and interpretation of findings at this 
early stage of capsule endoscopy. Indeed, a dis- 
advantage of capsule endoscopy compared with 
conventional endoscopy is its inability to take tis- 
sue samples. Large-scale, well-controlled prospec- 
tive studies with long-term follow-ups are needed 
to confirm the clinical relevance of this new tech- 
nology in the field of inflammatory bowel disease. 
Until then, the most appropriate role for capsule en- 
doscopy in IBD patients appears to be for the eval- 
uation of patients with suspected Crohn's disease, 
or Crohn's disease patients with atypical symptoms 
after retrograde ileoscopy evaluation. There is cur- 
rently no indication for capsule endoscopy in pa- 
tients with established ulcerative colitis except for 
differential diagnosis purpose if the diagnosis is in 
doubt. Our view is that it could become a useful di- 
agnostic standard for diagnosing intestinal Crohn's 
disease. 
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Introduction 

After entering the twenty-first century, it has be- 
come clear that imaging will remain pivotal for di- 
agnosis and management of inflammatory bowel 
disease (IBD). Although modern endoscopic tech- 
niques allow unprecedented access to the gastroin- 
testinal tract, many parts remain relatively inac- 
cessible despite technological advances, notably the 
small bowel and any areas upstream of tight stric- 
tures. Furthermore, the bewildering array of extra- 
luminal complications associated with IBD makes 
it almost unique in non-neoplastic gastrointestinal 
disease, and fuels the ongoing demand for imaging. 
The modern radiologist has a vast armamentar- 
ium of modalities and techniques available, but con- 
ventional barium-based studies such as the small 
bowel follow-through continue to be the work- 
horses of day-to-day patient management. Flu- 
oroscopic imaging provides both functional and 
anatomical information, remains the gold standard 
for radiological detection of mucosal disease, and 
is well understood by referring physicians and sur- 
geons alike. It is clear, however, that these stud- 
ies have weaknesses, particularly for detection of 
extra-luminal complications such as fistula and ab- 
scess. Modern cross-sectional modalities such as 
computed tomography (CT), magnetic resonance 
imaging (MRI) and ultrasound (USS) allow unprece- 
dented opportunity to characterise disease both in, 
and particularly outside the bowel lumen. Such 
techniques provide diagnostic information from the 
whole bowel wall and not just the mucosal sur- 
face, and are increasingly able to guide clinical 



management decisions by providing an additional 
assessment of disease activity. This chapter will out- 
line the complementary relationship between cross- 
sectional techniques and conventional barium radi- 
ology, and will also detail some horizon scanning 
for possible future applications. 

CT scanning 

CT scanning utilises ionising radiation and produces 
sequential axial slices through the region of inter- 
est. The recent introduction of multi-detector row 
(multi-slice) technology permits very rapid acquisi- 
tion of data with improved spatial resolution. For 
example, the abdomen and pelvis can be scanned in 
less than 10-15 seconds with individual slice thick- 
ness of imm or less. CT thus lends itself especially 
well to imaging ill and/or immobile patients who 
will not tolerate prolonged examination times. 

Standard techniques 

Patients routinely drink dilute barium- or iodine- 
based contrast agents prior to abdomino-pelvic CT. 
This opacifies and also distends the small bowel lu- 
men, facilitating analysis of the bowel wall and im- 
proving detection of extra-luminal complications. 
Volumes up to 1500 ml are routine, usually admin- 
istered over the 90 minutes prior to imaging. Poor 
bowel distension, however, occasionally remains a 
problem with oral administration, both reducing 
sensitivity and mimicking wall thickening and stric- 
turing. Some authors, therefore, advocate infusion 
of contrast medium via a naso-jejunal tube [1, z] 
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so-called CT-enteroclysis. Careful control of infu- 
sion rates can induce small bowel hypotonia and 
achieve excellent distension. Naso-jejunal tube in- 
sertion may, however, be difficult for both the pa- 
tient and radiologist alike, and the technique essen- 
tially negates one of the intrinsic advantages of CT, 
which is rapid and non-invasive image acquisition. 
Intravenous contrast is also routinely administered 
during abdomino-pelvic CT. Normal bowel wall en- 
hances avidly and abnormal enhancement patterns 
are well described in patients with IBD, providing 
additional diagnostic information (see CT scanning: 
disease activity below) CT images are convention- 
ally viewed as 2-D axial slices but acquisition of near 
isotropic data with thin collimation (slice thickness) 
multi-detector - row CT protocols allow excellent 
multi-planar (coronal, sagittal) reconstructions [3]. 
It should always be borne in mind that CT 
scanning conveys a significant radiation burden (7- 
8mSV-i3.3mSV [4]) and should always be used ju- 
diciously, especially when so many IBD patients are 
young and may need repetitive examination, over 
time. 



Diagnosis 

Normal bowel is easily seen on CT and individual 
wall thickness should not exceed 2-3 mm in the dis- 
tended state [5]. 

Inflammatory bowel disease classically manifest 
as bowel wall thickening on CT. The mean colonic 
wall thickness is usually greater in Crohn's dis- 
ease (n-13 mm) compared to ulcerative colitis (7.8 
mm) [6, 7] which may aid differentiation in those 
with isolated colonic disease, although considerable 
overlap exists. Eccentric thickening, small bowel in- 
volvement and skip lesions favour Crohns's over ul- 
cerative colitis [8]. Experience of CT scanning for 
primary diagnosis of IBD remains limited at present, 
probably because subtle mucosal abnormalities such 
as aphthoid ulceration are invisible with CT [9]. In- 
deed, recent comparative studies have confirmed the 
superiority of endoscopy and barium studies over 
CT for diagnosis of early mucosal lesions in Crohn's 
disease [2, 9-11]. 

In patients with established IBD, CT may re- 
veal additional sites of luminal disease missed by 



conventional contrast studies [12], particularly in 
the paediatric age group, who may be difficult to 
examine using fluoroscopic techniques [9, 13]. At 
present, however, CT remains a second-line investi- 
gation for primary diagnosis of IBD, with endoscopy 
and conventional barium studies preferred. 

Extra-luminal complications 

CT images the extra-luminal tissues in exquisite 
detail because of its high contrast and spa- 
tial resolution. Fistulae and abscesses are common 
complications of Crohn's disease and their detection 
often precipitates more aggressive therapeutic inter- 
vention [14]. CT is established as the radiological 
reference standard for detection of intra-abdominal 
abscesses complicating IBD (Fig 8.1), although ul- 
trasound may have similar sensitivity in experienced 
hands (see Ultrasound: extra-luminal complications 
below). The literature series suggests the sensitivity 
of CT for abscess detection is between 59-85% 
[15, 16]. Furthermore, CT allows safe and effective 
image guidance for percutaneous abscess drainage 
[17,18]. 

The ability of CT to reliably detect internal fis- 
tulae is more controversial. Conventional barium 
techniques are still considered the reference radio- 
logical standard, although in reality these may miss 
up to 50% of fistulae identified at laparotomy [19- 
21]. A recent report suggests CT may be compara- 
ble with conventional enteroclysis for the detection 
of fistulae (around 70% sensitivity) [16], although 
smaller older studies have reported inferior perfor- 
mance when using CT [10]. 

CT scanning also has an important role for 
the investigation of those IBD patients presenting 
with acute bowel obstruction, allowing diagnosis 
of extra-luminal complications such as abscesses, 
detection of adhesions and providing information 
about the bowel upstream, which is often inaccessi- 
ble to an endoscope [22]. 

Studies suggest that detection of unsuspected 
extra-luminal complications by CT changes the in- 
tended management plan in up to 28% of patients 
[7, 11], and it is clear that judicious use of CT 
scanning adds considerable benefit to the diagnostic 
work-up in those with suspected complications. 
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Fig 8.1 Axial CT scan through the upper pelvis in a 20-year-old male with active Crohn's disease. The superficial 
collection (long black arrow) was identified with ultrasound, but the deeper gas filled abscess (arrow head) was only 
identified on CT. Note the thickened small bowel loop (white arrow). 



Disease activity 

CT has conventionally been regarded as relatively 
poor when predicting disease activity, and probably 
inferior to other radiological techniques such as 99 
mTc-white blood cell scintigraphy [13]. However, 
it is increasingly clear that patterns of contrast 
enhancement in affected bowel loops are correlated 
with disease activity [Z4]. A recent retrospective 
analysis reported that homogenous bowel wall 
enhancement was associated with quiescent disease 
whereas multi-layered mural stratification or a dou- 
ble layer of mural enhancement separated by low 
attenuation submucosa was associated with active 
disease [25]. Such mural enhancement patterns 
may help classify patients into those with active 
or inactive disease, but probably lack the required 
sensitivity and specificity for absolute disease 
characterisation. 

Fibrofatty proliferation, increased vascularity of 
the vasa recta (comb sign) and mesenteric lym- 
phadenopathy are all well described in IBD and 
are easily demonstrated with CT [8, 22]. Although 



adenopathy may be associated with active disease 
(see MRI: disease activity below), recent data sug- 
gests that increased pericolic or perienteric vascula- 
ture is seen more commonly [26]. Again, although 
not absolute, such a finding may be of use in helping 
to guide patient classification. 

Novel CT techniques 

Virtual CT colonoscopy is becoming an established 
method for detecting colonic neoplasia [27, 28], but 
may potentially also have a role in IBD. Patients 
undergo full purgation and the colon is distended 
with air or carbon dioxide before a thin collima- 
tion CT scan. The data can then be rendered to 
create a 3-D endoluminal view - hence the name 
'virtual colonoscopy'. Data is relatively sparse, but 
it is clear that with present technology subtle mu- 
cosal changes such as superficial ulceration remain 
well beyond the resolution of the technique [29]. 
Recent data suggests virtual colonoscopy is com- 
parable to colonoscopy for detecting elevated le- 
sions of Crohn's colitis and may have a role in 
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patients with impassible strictures [30]. However, 
the relative insensitivity for flat and ulcerated lesions 
sounds a strong note of caution for the use of vir- 
tual colonoscopy for colonic surveillance in chronic 
IBD. 

Magnetic resonance imaging 

As a method of enteric imaging, MRI has many in- 
trinsic advantages. Soft tissue contrast is superior 
to that of CT and multi-planar imaging is routine 
and easily achieved. Significantly, there is no radi- 
ation burden, which is a very major advantage in 
the IBD population who are likely to be subjected 
to repeated imaging due to the chronic nature of 
their disease. Until relatively recently, enteric MRI 
was severely hampered by prolonged image acquisi- 
tion times, with the effect that physiological bowel 
motion significantly detracted from image quality. 
However, recent advances in MRI hard- and soft- 
ware, particularly development of ultra-fast image 
sequences, mean that high quality images of the 
whole bowel can be acquired in less then 20 seconds 
and MRI is currently challenging more established 
imaging techniques in IBD. 

Technique 

The principles of MRI technique are comparable to 
those of CT. Oral contrast medium is vital to out- 
line and distend the bowel lumen, and ideally should 
provide homogeneous opacification with minimal 
intestinal absorption. Depending on their chemi- 
cal composition, contrast agents can appear bright 
(positive), dark (negative) or both bright and dark 
(biphasic) according to the imaging sequence used 
[31]. There is no consensus as to the best oral con- 
trast agent, or indeed whether positive or negative 
agents are superior. Various workers have advocated 
methylcellulose [1], dilute barium [32], mannitol 
[33], manganese [34] or even blueberry juice [35], 
although ultimately the choice will be largely gov- 
erned by local availability and costs. 

Many workers strongly favour infusing the con- 
trast agent through a naso-jejunal tube to opti- 
mise bowel distension as it is clear that good lu- 
minal distension, maximises detection of mucosal 



abnormalities [31, 36]. In common with both CT 
and conventional enteroclysis, insertion of the naso- 
jejunal tube prior to MRI can be difficult and 
time-consuming, often requiring fluoroscopic guid- 
ance, and essentially negating the benefit of MRI's 
lack of ionising radiation. Although orally ingested 
agents in themselves may not always produce reli- 
able bowel distension [37], abnormal bowel is usu- 
ally easily detected, and this may be sufficient to 
plan patient management. Furthermore, consider- 
able interest has been generated in various additives 
to oral preparations that improve luminal disten- 
sion, notably locust bean gum, which produces ex- 
cellent bowel distension in normal volunteers [38]. 
Many sequences have been advocated to max- 
imise diagnostic information from MRI. Both Ti- 
and T2-weighted sequences in axial and coronal 
planes are mandatory to provide adequate informa- 
tion regarding the bowel lumen and wall, and extra- 
luminal tissues. Most workers also advocate the use 
of IV gadolinium to highlight abnormal bowel and 
perhaps provide some assessment of disease activ- 
ity (see MRI: disease activity below). Ultimately the 
choice of sequences will depend on the available 
hardware and manufacturer of software, but a pro- 
tocol based around true fast imaging with a steady 
precession (True FISP), half-Fourier acquired single- 
shot fast spin-echo (HASTE), T2-weighted turbo 
spin-echo, and gadolinium-enhanced fat-suppressed 
spoiled gradient-echo sequences is increasingly pop- 
ular [31, 36]. Although individual sequences have 
relatively short acquisition times, the number em- 
ployed prolongs examination times to several min- 
utes and administration of an anti-spasmolytic is 
routine to reduce peristaltic artifact. 

Diagnosis 

In common with CT scanning, IBD usually manifests 
as bowel wall thickening on MRI. In comparison 
to CT, however, MRI appears to provide improved 
depiction of relatively early mucosal disease. Deep 
ulceration and cobble-stoning are visible, especially 
on True FISP sequences [31] but early and subtle 
changes, such as aphthous ulceration, currently re- 
main beyond the resolution of the technique. Recent 
reports suggest MRI may have a role in the primary 
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diagnosis of terminal ileal Crohn's disease in a paedi- 
atric population [39], but again, superficial erosions 
were not depicted and sensitivity for endoscopically 
confirmed ulcerative colitis was poor in this series. 
An earlier, albeit smaller, study reported a relatively 
poor sensitivity of just 50% for the primary diag- 
nosis of Crohn's disease in this patient population 
[40]. 

In those with established IBD, several reports 
suggest that MRI enteroclysis is comparable and 
possibly superior to conventional enteroclysis for 
the detection, localisation and length estimation of 
involved small bowel segments, with excellent sen- 
sitivity for small bowel obstruction [1, 36, 41]. The 
multi-planar capabilities of MRI often reveal seg- 
ments of diseased bowel not readily apparent on 
conventional fluoroscopic images. There have been 
few studies directly comparing CT with MRI, al- 
though Low and colleagues reported improved sen- 
sitivity for bowel wall thickening when using MRI 
compared to single slice CT [42.]. However, using 
state-of-the-art multi-slice technology, Schmidt and 
colleagues found CT was superior to MRI for de- 
tection of abnormal small bowel, with greater inter- 
observer agreement [43]. The authors did however 
conclude that that further improvements in technol- 
ogy would probably allow MRI to 'catch' up with 
CT in the near future. 



Extra-luminal complications 

MRI provides detailed information regarding extra- 
luminal tissues. Recent reports suggest it may 
be equivalent to CT for the detection of intra- 
abdominal abscesses, although comparative studies 
with a surgical gold standard are lacking. In a se- 
ries of 84 patients, Reiber reported a sensitivity of 
77.8% for the detection of abscesses (none of which 
were detected by conventional enteroclysis) [41]. 

Data on sensitivity for enteric fistula is also rela- 
tively sparse. A sensitivity of 83% was reported by 
Reiber [44] compared to a surgical gold standard, 
although this fell to 70.6% in a larger study from 
the same group [41]. In a series of 31 patients, Pras- 
sopoulos and colleagues found MRI enteroclysis 
depicted all fistulas shown at conventional entero- 
clysis, but only half of the sinus tracts were visible 



on MRI [36]. Although MRI is clearly promising 
in its ability to detect extra-luminal complications, 
further data is awaited. 



Perianal disease 

Over 25% of patients afflicted with Crohn's disease 
will suffer from perianal fistulae during the course 
of their disease [45]. Fistulae complicating IBD tend 
to be more complex compared to cryptoglandular 
disease, and also are more refractory to treatment 
[46]. The exquisite soft tissue contrast afforded by 
MRI makes this the gold standard technique for pre- 
operative imaging of perianal fistulae, the aim of 
which is to determine the course of the fistula rela- 
tive to the anal sphincter while also detecting areas 
of sepsis that might be missed during examination 
under anaesthetic (EUA) (Fig 8.2). Sepsis missed at 
EUA is the major cause of treatment failure [47] 
and recent work has shown that pre-operative MRI 
can reduce fistulae recurrence by as much as 75% 
[48]. Such is the accuracy of MRI that it is doubtful 




Fig 8.2 Coronal short Tl-inversion recovery (STIR) MRI 
image through the anal canal in an 18 -year-old male with 
perianal Crohn's disease. A fistula (arrow heads) ascends in 
the inter-sphincteric plane. Note the thickened sigmoid 
loop (white arrow) in keeping with associated Crohn's 
colitis. 



no CHAPTER 



whether surgery for complex or recurrent disease 
should be attempted without it, if available. MRI 
has also proved useful in assessing pharmacological 
treatments for active perianal Crohn's disease, no- 
tably assessing the response of fistulae to Infliximab 
[49]. In particular, MRI can reveal extensive under- 
lying disease even though the external opening has 
healed. 



Disease activity 

Assessment of disease activity using MRI is based 
both on anatomical observations such as wall thick- 
ening and fibrofatty proliferation, and also on pat- 
terns of contrast enhancement in an acutely inflamed 
bowel. 

Simple measurement of bowel wall thickness 
may help indicate the level of disease activity in af- 
fected bowel segments. Using a cut-off of 4 mm, 
Koh et al. reported a sensitivity of 54% and a speci- 
ficity of 98% for active disease [50]. Similarly, Mac- 
cioni et al. found reasonable correlation between 
wall thickness and disease activity, but did report 
overlap with inactive disease [51]. However, both 
groups observed high signal within bowel wall on 
Tz-weighted images in the most actively inflamed 
bowel segments. The presence of fibrofatty prolifer- 
ation is a poor discriminator between inactive and 
active disease, but increased signal within fat sur- 
rounding bowel loops on T2-weighted images is a 
good indicator of active inflammation (perhaps re- 
flecting oedema) [33, 50, 51]. 

Several groups have described prominent lym- 
phadenopathy in association with Crohn's disease 
[52, 53] and there is some evidence that nodes, 
which enhance avidly after intravenous gadolinium, 
may reflect regionally active disease [31]. In com- 
mon with CT, the presence of increased mesenteric 
vascularity ('comb sign') is a reasonable indicator 
of active disease [36] with reported sensitivity and 
specificity of 78% and 57%, respectively [50]. 

Considerable interest has been generated by pat- 
terns of intravenous gadolinium enhancement as in- 
dicators of disease activity. As with CT, a layered or 
stratified appearance to the bowel wall after con- 
trast is very specific for active disease but lacks 
sensitivity [50]. Using dynamic MRI (i.e. repeated 



image acquisitions at a single level after an intra- 
venous contrast bolus), a clear association can be 
demonstrated between disease activity and the de- 
gree of mural enhancement [52, 54, 55]. Correla- 
tion with the Crohn's disease activity index (CDAI) 
is often only moderate (perhaps reflecting the in- 
adequacy of this index), but interestingly a much 
stronger correlation exists with serum-acute inflam- 
matory markers such as C-reactive protein (CRP) 
[52]. The mechanism for increased mural enhance- 
ment in active disease is assumed to be increased 
capillary permeability secondary to increased lo- 
cal inflammatory mediators [54]. Although dynamic 
MRI may provide greater quantification of mural 
enhancement, the technique is technically challeng- 
ing and not yet suited to routine practice outside 
a research setting. Simple semi-quantitative assess- 
ment of enhancement on routine post-contrast im- 
ages is presently a more attractive proposition for 
routine clinical application and such an approach 
has already proved useful when assessing disease ac- 
tivity [50, 51]. 

Overall, it is clear that assessment of disease ac- 
tivity using MRI is highly promising and it is likely 
that a combination of observations will produce the 
best results. Relatively small series suggest a per pa- 
tient sensitivity of around 90% for active disease 
[50, 51], but larger prospective studies are required 
before more widespread clinical implementation. 

Ultrasound 

As an imaging modality, ultrasound also has many 
attractive properties. It is relatively cheap and quick, 
and requires little patient preparation. There is no 
radiation burden and it is well tolerated by patients. 
It does, however, remain highly operator-dependent 
and may be technically difficult, especially in obese 
or immobile patients. 

Technique 

Most enteric ultrasound is performed without oral 
or intravenous contrast agents, using standard 
resolution probes (3-5 MHz) supplemented with 
higher resolution probes (7-12 MHz) for more de- 
tailed assessment. The normal bowel wall thickness 
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measures around 3 mm and is composed of multiple 
layers (classically 5) of alternating echogenicity. The 
ultra-sonographer uses graded compression [56] to 
gently compress the underlying bowel and separate 
loops for interrogation. Systematic analysis is per- 
formed of both the small bowel and colon. Blood 
flow can be readily assessed both in the bowel wall 
and in the main superior and inferior mesenteric 
arteries. Intravenous contrast is unnecessary when 
using standard Doppler functions, which may help 
document disease activity (see Ultrasound: disease 
activity below). 

Diagnosis 

Inflammatory bowel disease produces bowel wall 
thickening on USS. Depending on the stage of the 
disease, this ranges from thickening of individual 
layers (e.g. the submucosa) to thickening of the 
whole bowel wall with loss of the normal layered 
stratification. Such findings are however relatively 
non-specific and are common to a variety of con- 
ditions including both infections and neoplasia. Ab- 
normalities in ulcerative colitis are often less marked 
than Crohn's disease although superficial ulceration 
with submucosal oedema can be demonstrated us- 
ing high resolution USS. Extra-luminal changes such 
as fat hypertrophy are readily appreciated and fistu- 
lation can also be detected [57, 58]. 

Several studies have examined the use of USS as 
a primary diagnostic tool in suspected IBD. Quoted 
sensitivities lie between 78-95% with specificity 
around 90% [59-63]. Performance is operator- 
dependent and a clear learning curve has been 
demonstrated [60]. USS often cannot demonstrate 
subtle mucosal abnormalities and as would be ex- 
pected, sensitivity is much lower for early disease 
[56, 64]. There is some evidence that sensitivity 
is higher for Crohn's disease than ulcerative colitis 
[65], probably because the superficial nature of the 
latter. Assessment of the extent of disease is less accu- 
rate than that for detection, with accuracy around 
80% [64, 66], although good correlation between 
the length of small bowel involved has been reported 
when using conventional barium studies for com- 
parison [67, 68]. Sensitivity of USS for detection 
of bowel stenosis is moderate (58-90%), and USS 



remains inferior to both conventional enteroclysis 
and MRI in this respect [56, 69, 70]. 

Extra-luminal complications 

The reported ability of USS to detect extra-luminal 
complications of IBD is variable, but it is clear that 
the technique is a very useful tool in the right hands. 
Maconi and colleagues initially reported an overall 
sensitivity of 67% and 83% for detection of fistu- 
lae and intra-abdominal abscesses, respectively [71]. 
In a subsequent larger series, including 128 patients 
undergoing surgery acting as reference standard, the 
same group showed USS and conventional barium 
studies to be complimentary for the diagnosis of in- 
ternal fistulae, with sensitivities of around 70% [16]. 
The same study suggested USS and CT had com- 
parable sensitivities for the diagnosis of abscesses 
(around 90%), although CT was a little more spe- 
cific. Gasche and colleagues reported a sensitivity 
of 87% for internal fistulae in a small cohort of 30 
patients undergoing surgery for IBD [72], although 
Potthast found USS very poor in a study of 46 pa- 
tients, with sensitivity of just 31% for fistula de- 
tection compared to 87% for MRI [70]. However, 
despite its inferiority to MRI, USS had a respectable 
sensitivity of 89 % in detecting abscesses in this study 
[70]. 

Although the precise role of USS in the primary 
diagnosis and detection of extra-luminal complica- 
tions in IBD remains unresolved, the test is safe, 
quick and relatively cheap and it is clear that in ex- 
perienced hands it has a significant role to play in 
day-to-day patient management. 

Disease activity 

In common with other cross-sectional techniques, 
assessment of disease activity with USS is dependent 
on structural findings, including bowel wall thick- 
ening, and functional parameters, notably Doppler 
indices of blood flow. 

Bowel wall thickening tends to be greater in ac- 
tive compared to quiescent Crohn's disease [73], 
but there is considerable overlap, which limits the 
measurement as a reliable indicator of disease ac- 
tivity [67]. Some workers have suggested mild wall 
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thickening with preservation of mural stratification 
on USS reflects early disease, while loss of recognis- 
able layers suggests more active disease [56]; again 
significant overlap exists. 

Vessel density within thickened bowel wall as 
determined by Doppler techniques is however more 
promising. Both Heyne et al. and Spalinger et al. 
reported a good correlation between active disease 
(based on CDAI) and bowel wall vascularity using a 
semi-quantitative score of vessel number per square 
cm [73, 74]. Similar results were obtained by Este- 
ban et al. who described obvious increased mural 
vascularity in 44 patients with active Crohn's dis- 
ease compared to none of 35 patients with quies- 
cent disease [75]. There are some data suggesting 
that semi-quantatative assessment of mural vascu- 
larity may also be useful in assessing response of 
active disease to medication such as sulphasalazine 
[76]. Increased vascularity around intestinal fistu- 
lae has also been documented, again correlating 
with more standard measurements of disease activ- 
ity [77]. It must be stressed that all these methods 
are only semi-quantative and are to a large extent re- 
liant on technical parameters and subjective assess- 
ment, which may limit widespread implementation, 
although overall intra-observer agreement appears 
to be good. 

Several workers have concentrated on flow mea- 
surement in the main arterial supply to the gut in an 
attempt to assess disease activity, based on the well 
documented increase in neo-vascularisation that oc- 
curs in IBD. Using Doppler sonography, Van Oost- 
ayen et al. described increased arterial volume flow 
in the superior mesenteric artery (SMA) in 10 pa- 
tients with active Crohn's disease when compared 
to 10 patients with quiescent disease and 10 healthy 
controls [78]. Several other workers have since repli- 
cated this finding, documenting increased portal 
vein flow and decreased vascular resistance, over 
and above the changes in SMA blood flow [79, 80]. 
Mirk et al. also found that similar results could be 
obtained when applying the technique to the inferior 
mesenteric artery (IMA) [81]. Changes in Doppler 
flow parameters have also been shown in response to 
treatment [82] raising the possibility of non-invasive 
monitoring of treatment regimens. 



Although definite strong associations exist be- 
tween Doppler blood flow parameters and IBD, the 
clinical utility of such measurements remain unde- 
termined. Indeed, some workers have suggested that 
changes in flow parameters merely reflect the extent 
of disease rather than any actual disease activity 
[83]. Furthermore, it is clear that there is consid- 
erable normal overlap for various Doppler indices, 
suggesting that absolute levels may not be clinically 
useful when attempting to separate patients into 
active or inactive groups [84]. Therefore, Doppler 
studies, although providing a guide to disease activ- 
ity, may actually prove more useful for follow-up of 
individual patients, assessing their response to ther- 
apy and perhaps predicting relapse [80]. 



Other techniques 

Recent work suggests that i8F-flurodeoxyglucose 
positron emission tomography (FDG-PET) may be 
a useful tool for assessment of disease activity. The 
technique is expensive, time-consuming and also 
conveys a significant radiation dose, which ulti- 
mately may limit its use. However, recent data sug- 
gests it may be more sensitive than either MRI or 
immunoscintigraphy in detecting active disease [8 5]. 
Further studies are awaited. 



Conclusions 

Cross-sectional techniques will have an increasing 
role in the management of patients with IBD. Al- 
though conventional barium studies remain the ra- 
diological reference standard for the diagnosis of 
early IBD, it is clear that CT, MRI and ultrasound, 
either alone or in combination, are superior for the 
detection of many extra-luminal complications and 
possibly disease extent. Reliable assessment of dis- 
ease activity is becoming increasingly possible with 
newer techniques, and will ultimately play a signifi- 
cant role both in individual patient management and 
assessment of newer experimental treatment regi- 
mens. Cross-sectional imaging may be able to pro- 
vide a 'one-stop' assessment of IBD patients in the 
not too distant future. 
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Mesalazine for maintenance therapy in 
ulcerative colitis - how much, how long? 

Crohn's disease (CD) and ulcerative colitis (UC), 
which together comprise the idiopathic inflamma- 
tory bowel diseases (IBD), are chronic, relaps- 
ing and remitting conditions that require biphasic 
pharmacologic therapy: first with induction agents 
and then with maintenance agents. Aminosalicy- 
lates or 5 -aminosalicylic acid (5 -ASA, mesalazine, 
mesalamine) remain the mainstay of therapy for 
both the induction and maintenance of remission 
in UC, and with these agents annual relapse rates 
can be reduced to 30-50%, as compared to 80% if 
no maintenance agent is added [1]. 

Sulphasalazine, the prototype aminosalicylate 
that combines sulphapyridine (an antibiotic) with 
the anti-inflammatory 5 -ASA was found to be effica- 
cious for UC in the 1940s. It was not until the 1970s 
that 5 -ASA was recognised as the active moiety, with 
the sulphapyridine component acting as an inert car- 
rier molecule that delivers the 5 -ASA to the site of 
active mucosal inflammation in the colon [2]. This 
discovery and the recognition that the 'sulpha' com- 
ponent was responsible for most of the allergic and 
dose-dependent side effects of sulphasalazine, led to 
the development of various sulpha-free mesalazine 
formulations that carry 5 -ASA to the inflamed small 
bowel and colonic mucosa. 

Broadly speaking, the newer 5 -ASA formu- 
lations can be categorised as either sulpha-free 
azo-bonded pro-drugs or sulpha-free coated 5- 
ASAs. Pro-drugs (sulphasalazine, balsalazide and ol- 
salazine) contain azo-bonds that conjugate different 



carrier molecules to the 5 -ASA moiety, which are 
then released when the azo-bond is cleaved by 
colonic bacterial azo-reductases. In balsalazide, the 
inert carrier molecule is 4-aminobenzoyl-|3 alanine; 
olsalazine consists of two 5 -ASA molecules joined 
by an azo-bond. The sulpha-free coated 5 -ASA 
preparations include pH-dependent delayed-release 
(Asacol®) and time-dependent controlled-release 
(Pentasa®) formulations. Delayed-release Asacol® 
is a 5-ASA coated with Eudragit-S, an acrylic-based 
resin, which dissolves at pH 7 or higher, beginning 
in the terminal ileum or caecum. Controlled-release 
Pentasa® incorporates 5-ASA into microgranules 
of ethylcellulose, a semi-permeable membrane that 
dissolves when hydrated, releasing mesalamine in a 
time-dependent fashion throughout the small bowel 
and colon. At the molecular level, aminosalicy- 
lates are known to possess a wide array of anti- 
inflammatory and immunomodulatory actions, but 
the exact mechanism of action of 5 -AS As in IBD is 
unknown; it is theorised that the 5-ASAs exert a top- 
ical effect on the intestinal mucosa rather than a sys- 
temic effect [3]. In the background of this brief intro- 
duction to aminosalicylate formulations and their 
delivery, the evidence regarding their use in UC, with 
emphasis on their role as maintenance agents, will 
now be reviewed. Mesalazine maintenance therapy 
of UC: how much should be given? As an induction 
agent in mild-moderate UC, mesalazine induces re- 
mission in 40-74% of patients at doses of 1.5-4.8 g 
daily [4], with a dose-response demonstrated for 
doses up to 3 g (olsalazine) [5], 4.8 g (Asacol®) [6] 
and 6.75 g (balsalazide) [7]. Despite this knowledge, 
the optimal 5-ASA dose for the treatment of active 
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disease is yet to be determined; however, based on 
trials with Asacol®, the current recommendation is 
for dose-titration up to 4.8 g/day [6]. 

Once complete remission of UC has been in- 
duced, maintenance therapy should be instituted; 
but again, the optimal dose of 5 -ASA therapy needed 
to prevent relapse is unknown. Sulphasalazine main- 
tains remission in 71-88% of patients when given 
at doses of 1-4 g/day, with a dose response demon- 
strated up to 4 g/day. However, at these higher 
doses adverse effects attributable to the sulphapyri- 
dine component become problematic in 30-40% of 
patients; maintenance doses of 2 g/day are more 
commonly employed [8]. In the only maintenance 
dose-ranging studies for mesalazine, there was no 
dose-response between 800 mg and 1.6 g daily of 
Asacol® [9]. In another study comparing 1.5 g daily 
and 3 g daily Pentasa®, there was a trend favour- 
ing the higher dose that nearly reached statistical 
significance (p = 0.057) [10]. However, neither of 
these trials looked at the dose response in patients 
who required higher doses of mesalazine to achieve 
remission, and it is probable that a dose response 
exists up to 4.8 g daily [n]. 

A recent Cochrane systematic review showed 
that mesalazine at doses of 0.8-4 g daily was su- 
perior to placebo at maintaining remission in UC, 
with a pooled odds ratio (OR) for relapse of 0.47 
(CI 0.36-0.62) and a number needed to treat (NNT) 
of 6; however a dose-dependent trend was not 
seen (p = 0.489). This same meta-analysis com- 
pared the efficacy of sulphasalazine and mesalazine 
formulations as maintenance agents, and the odds 
ratio for maintenance of remission favoured sul- 
phasalazine over mesalazine (OR 1.20; CI 1.05- 
1.57), unlike for induction therapy where the odds 
ratio favoured mesalazine (OR 0.87; CI 0.63-1. 21) 
[12]. 

Whereas it used to be common to reduce the 
aminosalicylate dosage once remission had been at- 
tained, the current standard of care is to maintain 
the same dose of mesalazine for induction and main- 
tenance therapy [13]. There is evidence to demon- 
strate the long-term safety of mesalazine at doses 
of up to 5 g daily [14]. Numerous gaps in the data 
remain, such as confirmation of the dose response 
for maintenance therapy, and dose-ranging studies 



are needed to clarify whether oral mesalazine can 
maintain corticosteroid-induced remissions. 

With respect to choosing which formulation of 
mesalazine should be used for maintaining remis- 
sion in UC, there is currently insufficient evidence to 
suggest that one formulation is superior to another, 
and a recent systematic review found no difference 
in the pharmacokinetic profile of the various oral 5- 
ASA formulations [15]. Hence, the selection of oral 
5-ASA formulation or 5-ASA pro-drug as a main- 
tenance agent should be based on a combination of 
efficacy data, the potential for adverse effects and 
practical issues such as compliance and cost [16]. 

Patients with left-sided UC should be treated 
with topical (rectal) 5-ASA for both the induction 
and maintenance of remission. Given that 80% of 
incident cases of UC have endoscopic disease dis- 
tal to the splenic flexure, and 95% of incident cases 
are mild or moderate in severity, the majority of pa- 
tients with UC could benefit from rectal 5-ASA ther- 
apy over the course of their disease. In practice, oral 
aminosalicylates are used more commonly in this 
setting due to patient preferences [17]. The delivery 
formulations available as topical 5-ASA therapies 
include suppositories, foams and liquid enemas; the 
appropriate form for each patient depends on the 
proximal extent of mucosal disease. Suppositories 
reach the upper rectum, foams typically reach the 
proximal sigmoid and enemas typically reach the 
splenic flexure. As induction agents in left-sided dis- 
ease, meta-analyses have shown topical mesalazine 
to be superior to placebo, oral mesalazine and topi- 
cal corticosteroids, although a dose response has not 
been demonstrated for doses greater than 1 g/day 
[18, 19]. In patients not responding to either topi- 
cal mesalazine or topical corticosteroid, the combi- 
nation of the two is superior to using either agent 
alone [20], and similarly, the combination of oral 
and topical mesalazine therapy is more efficacious 
than using either agent alone [21]. 

As maintenance agents in left-sided UC, topical 
mesalazine in doses as low as 1 g/day have been 
shown to be as efficacious as oral mesalazine [22], 
and efficacy can be maintained even if the dos- 
ing interval is reduced to every other day or ev- 
ery third day [19]. A combination of oral and topi- 
cal mesalazine may prove to be the most effective 
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way to maintain remission. In a i-year double- 
blind study of 72 patients who had experienced 
two or more relapses in the previous year, but were 
currently in remission, relapse occurred in 64% 
of patients taking oral therapy alone, but in only 
36% of patients receiving the combination of oral 
mesalazine 1.6 g/day and twice weekly mesalamine 
enemas 4 g/100 mL [23]. In patients with procti- 
tis, suppositories of 5-ASA are effective in main- 
taining remission. In a double-blind study compar- 
ing 5-ASA suppositories 500 mg twice daily with 
placebo, cumulative i-year relapse rates were 47% 
in the placebo group versus 10% in the treatment 
group [24]. 

Mesalazine for maintenance therapy 
in UC: how long should it be used? 

Although aminosalicylates are effective mainte- 
nance agents in quiescent UC [12], the duration of 
therapy remains controversial. It is not clear if all pa- 
tients should be treated indefinitely or whether there 
exists a subgroup of patients whose treatment can 
be discontinued. Foundational 5-ASA maintenance 
trials had follow-up durations of less than 2 years, 
and 'longer term' maintenance efficacy rates com- 
pared with placebo remain unexplored. Although a 
recent prospective cohort study revealed that all pa- 
tients with newly diagnosed UC relapsed within 10 
years despite long-term 5-ASA maintenance therapy, 
in particular those with extensive disease, with the 
majority of patients doing so in the first 2-3 years, 
the oral maintenance dose of 1.6 g daily may not 
have been optimal [25]. Several randomised trials 
that have attempted to answer these questions also 
produced conflicting results. An early withdrawal 
trial did not find a difference in relapse rates at 
6 months, in patients who had been in remission for 
at least 1 year with sulphasalazine, after randomi- 
sation to either continuing maintenance treatment 
with sulphasalazine or placebo, suggesting that per- 
haps maintenance treatment may be discontinued in 
this group of patients [26]. This finding was disputed 
by a subsequent study that recommended indefinite 
maintenance therapy. Sixty-four patients with pro- 
longed clinical, endoscopic and histological remis- 
sion while taking sulphasalazine were randomised 



to continue treatment or placebo in a double-blind, 
double-dummy trial; at 6 months, placebo-treated 
patients had more than four times the relapse rate 
of those receiving sulphasalazine [27]. However, 
these early studies do suffer from methodological 
flaws and failed to clearly define the baseline char- 
acteristics of enrolled patients (duration and extent 
of disease, length of remission and previous treat- 
ment received). Therefore, these studies did not al- 
low identification of patient subgroups with higher 
relapse risks that would benefit from continuing 
therapy. 

In the latest placebo-controlled trial with 
a longer duration of follow-up (12 months), 
mesalazine maintenance therapy significantly re- 
duced the relapse rates in UC patients who had been 
in clinical, endoscopic and histological remission for 
1-2 years with aminosalicylate therapy. This was 
true in a subset of older patients who had been in 
remission for more than 2 years, had a longer du- 
ration of disease and a lower mean risk of relapse 
per year [28]. However, the statistical power of this 
study was compromised due to insufficient recruit- 
ment and should be interpreted with caution. Un- 
til more convincing data emerges, aminosalicylate 
maintenance therapy should be continued on a long- 
term basis to prevent disease relapse. 

The recent flurry of data demonstrating the po- 
tential for aminosalicylates to reduce cancer risk 
provides yet another compelling reason to continue 
long-term maintenance therapy. Although one study 
did not find a significant difference in 5-ASA use 
between colorectal cancer cases and controls, the 
duration of 5-ASA therapy was less than 2 years 
[29]. In contrast, data from retrospective case con- 
trol and cohort studies supports a protective effect 
for sulphasalazine in compliant patients [30] who 
had taken doses of more than 2 g/day [31] for at 
least 3 months [32]. Similarly, regular mesalazine 
(in patients on it for less than 1 year, and with- 
out medications in a 5-10-year period) also con- 
ferred a protective effect, decreasing the risk of can- 
cer by 81% at doses of more than 1.2 g/day [31]. 
These findings were corroborated in a similar study 
that demonstrated a 76% cancer risk reduction for 
patients taking more than 1.2 g/day of mesalazine 
[33]- 
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Finally, patient adherence is crucial to the success 
of long-term pharmacological maintenance therapy. 
Single men, multiple concomitant medications [34] 
and frequent dosing [35] are associated with non- 
adherence and increasing the risk of relapse among 
patients with quiescent ulcerative colitis [36]. Pa- 
tient education, self-directed management strategies 
[37] and single-dosing schedules [38] will help im- 
prove patient compliance and eventual outcome. 



References 

1 Klotz U. The role of aminosalicylates at the beginning 
of the new millennium in the treatment of chronic 
inflammatory bowel disease. Eur J Clin Pharmacol 
20oo;56(5):353~62. 

2 Azad Khan AK, Piris J, Truelove SC. An experiment to 
determine the active therapeutic moiety of 
sulphasalazine. Lancet i977;2(8o44):892~5. 

3 MacDermott RP. Progress in understanding the 
mechanisms of action of 5 -aminosalicylic acid. Am ] 
Gastroenterol 2ooo;95(i2):3 343-5. 

4 Sutherland L, MacDonald JK. Oral 5 -aminosalicylic 
acid for induction of remission in ulcerative colitis. 
Cochrane Database Syst Rev 2003;(3):CDooo543. 

5 Meyers S, Sachar DB, Present DH, Janowitz HD. 
Olsalazine sodium in the treatment of ulcerative colitis 
among patients intolerant of sulphasalazine: a 
prospective, randomized, placebo-controlled, 
double-blind, dose-ranging clinical trial. 
Gastroenterology 1987^3 (6): 125 5-62. 

6 Schroeder KW, Tremaine WJ, Ilstrup DM. Coated oral 
5 -aminosalicylic acid therapy for mildly to moderately 
active ulcerative colitis: a randomized study. N Engl J 
Med I987;3I7<26):i625-9. 

7 Levine DS, Riff DS, Pruitt R, Wruble L, Koval G, Sales 
D, Bell JK, Johnson LK. A randomized, double blind, 
dose-response comparison of balsalazide (6.75 g), 
balsalazide (2.25 g), and mesalamine (2.4 g) in the 
treatment of active, mild-to-moderate ulcerative 
colitis. Am J Gastroenterol 2002;97(6):i398~4O7. 

8 Azad Khan AK, Howes DT, Piris J, Truelove SC. AQ 
Optimum dose of sulphasalazine for maintenance 
treatment in ulcerative colitis. Gut 1980521(3): 
232-40. 

9 Hanaller SB, Sninsky CA, Robinson M, Powers BJ, 
McHattie JO, Mayle JE, Elson CO, DeMicco MP, Butt 
JH, Pruitt RE, Bozdech JM, Safdi MA. An oral 
preparation of mesalamine as long-term maintenance 
therapy for ulcerative colitis: a randomized, 



placebo-controlled trial. The mesalamine study group. 
Ann Intern Med I996;i24(2):204-n. 

10 Fockens P, Mulder CJ, Tytgat, GN, Blok P, Ferwerda 
J, Meuwissen SG, Tuynman HA, Dekker W, Gasthuis 
K, Van Hee PA. Comparison of the efficacy and safety 
of 1.5 compared with 3.0 g oral slow-release 
mesalazine (pentasa) in the maintenance treatment of 
ulcerative colitis. Dutch Pentasa study group. Eur J 
Gastroenterol Hepatol i995;7(n):i025-30. 

11 Kornbluth A, Sachar DB. Ulcerative colitis practice 
guidelines in adults. American College of 
Gastroenterology, Practice Parameters Committee. 
Am J Gastroenterol i997;92(2):204-n. 

12 Sutherland L, Roth D, Beck P, MayG, Makiyama K. 
Oral 5 -aminosalicylic acid for maintenance of 
remission in ulcerative colitis. Cochrane Database Syst 
Rev 2002;(4):CDooo544. 

1 3 Hanauer SB, Present DH. The state of the art in the 
management of inflammatory bowel disease. Rev 
Gastroenterol Disord 2003;3<2):8i-92. 

14 Cunliffe RN, Scott BB. Review article: monitoring 
for drug side-effects in inflammatory bowel disease. 
Aliment Pharmacol Ther 2002;i6(4):647~62. 

1 5 Sandborn WJ, Hanauer SB. Systematic review: the 
pharmacokinetic profiles of oral mesalazine 
formulations and mesalazine pro-drugs used in the 
management of ulcerative colitis. Aliment Pharmacol 
Ther 2oo3;i7(i):29~42. 

16 Sandborn WJ. Rational selection of oral 

5 -aminosalicylate formulations and prodrugs for the 
treatment of ulcerative colitis. Am J Gastroenterol 
2002;97(i2):2939-4i. 

17 Marshall JK, Irvine EJ. Putting rectal 5 -aminosalicylic 
acid in its place: the role in distal ulcerative colitis. Am 
} Gastroenterol 2ooo;95<7):i628-36. 

1 8 Marshall JK, Irvine EJ. Rectal aminosalicylate therapy 
for distal ulcerative colitis: a meta-analysis. Aliment 
Pharmacol Ther i995;9(3):293~3oo. 

19 Cohen RD, Woseth DM, Thisted RA, Hanauer SB. A 
meta-analysis and overview of the literature on 
treatment options for left-sided ulcerative colitis and 
ulcerative proctitis. Am J Gastroenterol 20oo;95<5): 
1263-76. 

20 Mulder CJ, Focken P, Meijier JW, Van der Heide H, 
Wiltink EH, Tytgat GN. Beclomethasone dipropionate 
(3 mg) versus 5 -aminosalicylic acid (2 g) versus the 
combination of both (3 mg/2 g) as retention enemas in 
active ulcerative proctitis. Eur J Gastroenterol 
Hepatol I996;8(6):549~53. 

21 Safdi M, DeMicco M, Sninsky C, Bank P, Wruble L, 
Deren J, Koval G, Nichols T, Targan S, Fleishman C, 
Wiita B. A double-blind comparison of oral versus 
rectal mesalamine versus combination therapy in the 



MESALAZINE FOR MAINTENANCE THERAPY 123 



treatment of distal ulcerative colitis. Am J 
Gastroenterol 1997592(10): 18 67-71. 

22 Trallori G, Messori A, Scuffi C, Bardazzi G, Silvano R, 
d'Albario G, Pacini F. 5 -Aminosalicylic acid enemas to 
maintain remission in left-sided ulcerative colitis: a 
meta- and economic analysis. / Clin Gastroenterol 
i995;2o(3):257-9. 

23 d'Albasio G, Pacini F, Camarri E, Messori A, Trallori 
G, Bonanomi AG, Bardazzi G, Milla M, Ferrero S, 
Biagini M, Quaranta S, Amorosi A. Combined 
therapy with 5 -aminosalicylic acid tablets and enemas 
for maintaining remission in ulcerative colitis: a 
randomized double-blind study. Am J Gastroenterol 

i997;92.(7):n43-7- 

24 d'Albasio G, Paoluzi P, Campieri M, Porro GB, Pera 
A, Prantera C, Sturniolo GE, Miglioli, M. 
Maintenance treatment of ulcerative proctitis with 
mesalazine suppositories: a double-blind 
placebo-controlled trial. The Italian IBD study group. 
Am J Gastroenterol i998;93(5):799~8o3. 

25 Bresci G, Parisi G, Bertoni M, Capria A. Long-term 
maintenance treatment in ulcerative colitis: a 10-year 
follow-up. Dig Liver Dis 2002;34(6):4i9-23. 

26 Riis P, Anthonisen P, Wulff HR, Folkenburg O, 
Bonnevie 0, Binder V. The prophylactic effect of 
salazosulfapyridine in ulcerative colitis during 
long-term treatment: a double-blind trial on patients 
asymptomatic for one year. Scand ] Gastroenterol 
i973;8(i):7i-4. 

27 Dissanayake A S, Truelove SC. A controlled 
therapeutic trial of long-term maintenance treatment 
of ulcerative colitis with sulphazalazine (salazopyrin). 
Gut i973;i4(i2):923-6. 

28 Ardizzone S, Petrillo M, Imbesi V, Cerutti R, Bollani 
S, Bianchi S, Bianch Porro G. Is maintenance therapy 
always necessary for patients with ulcerative colitis in 
remission? Aliment Pharmacol Ther 

i999;i3<3) : 373-9- 

29 Bernstein CN, Blanchard JF, Metge C, Yogendran M. 
Does the use of 5 -aminosalicylates in inflammatory 



bowel disease prevent the development of colorectal 
cancer? Am J Gastroenterol 2oo3;98(i2):2784~8. 

30 Moody GA, Jayanthi V, Probert CS, Mackey H, 
Mayberry JF. Long-term therapy with sulphasalazine 
protects against colorectal cancer in ulcerative 
colitis: a retrospective study of colorectal cancer 
risk and compliance with treatment in Leicestershire. 
Eur J Gastroenterol Hepatol 199658(12): 
1179-83. 

3 1 Eaden J, Arams K, Ekbom A, Jackson E, Mayberry J. 
Colorectal cancer prevention in ulcerative colitis: a 
case-control study. Aliment Pharmacol Ther 
20oo;i4<2):i45-53. 

32 Pinczowski D, Ekbom A, Baron J, Yuen J, Adami HO. 
Risk factors for colorectal cancer in patients with 
ulcerative colitis: a case-control study. 
Gastroenterology I994;i07(i):ii7-2o. 

33 Rubin D. Use of 5-ASA is associated with decreased 
risk of dysplasia and colon cancer in ulcerative colitis. 
Gastroenterology 2oo3;i24:A279. 

34 Kane SV, Cohen RD, Aikens JE, Hanauer SB. 
Prevalence of nonadherence with maintenance 
mesalamine in quiescent ulcerative colitis. Am J 
Gastroenterol 200 1 59 6( 1 o ) :29 29-3 3 . 

3 5 Shale MJ, Riley SA. Studies of compliance with 
delayed-release mesalazine therapy in patients with 
inflammatory bowel disease. Aliment Pharmacol Ther 
2003;i8(2):i9i-8. 

36 Kane S, Huo D, Aikens J, Hanauer S. Medication 
nonadherence and the outcomes of patients with 
quiescent ulcerative colitis. Am J Med 2003;ii4(i): 

39-43- 

37 Robinson A, Thompson DG, Wilkin D, Roberts C. 
Guided self-management and patient-directed 
follow-up of ulcerative colitis: a randomised trial. 
Lancet 200i;358(9286):976-8i. 

38 Kane S, Huo D, Magnanti K. A pilot feasibility study 
of once daily versus conventional dosing mesalamine 
for maintenance of ulcerative colitis. Clin 
Gastroenterol Hepatol 2003 ; 1 ( 3 ) : 1 70-3 . 



Challenges in Inflammatory Bowel Disease, Second Edition 

Edited by Derek P. J ewe! I et el . 

Copyright © 2001, 2006 by Blackwell Publishing Ltd 



10: Refractory distal colitis 



Simon Travis 



Refractory distal colitis 

Refractory distal colitis remains a common clinical 
dilemma. The reasons for refractoriness and opti- 
mum management are debated and the very defini- 
tion of refractoriness is controversial. This reflects 
the paucity of data. Consequently, the management 
approach presented in this chapter is based as much 
on opinion as on scientific evidence. Nevertheless, it 
is essential to have a strategy for such patients, be- 
cause there is otherwise a tendency for a haphazard 
series of therapeutic trials during which both the pa- 
tient and doctor become demoralised by persistent 
symptoms. 



Definition 

What is meant by refractoriness? 

Refractoriness implies an inadequate response to 
conventional treatment. Both response and treat- 
ment need to be specified. An adequate response 
must mean a return to the patient's normal bowel 
function, which, for the sake of an objective crite- 
rion, implies three or fewer stools/day without vis- 
ible bleeding or urgency. All too frequently, clinical 
improvement is considered an acceptable response, 
leaving patients to put up with persistent symptoms 
from inadequately treated disease. This is as true of 
clinical trials as it is in practice, making therapeutic 
comparisons difficult [i]. The three criteria for 
evaluating response to treatment in therapeutic 
trials must be clinical, endoscopic and histological 
remission. Of these, clinical remission is the most 



important, because this is what matters to the 
patient. 

What constitutes conventional treatment is more 
debatable. For some this means treatment with oral 
aminosalicylates and topical steroids, with refrac- 
toriness defined as an inadequate response after 
6-8 weeks [z]. Others identify different compo- 
nents of refractoriness, including inability to with- 
draw steroids without a flare-up of activity, re- 
lapse unresponsive to re-treatment, limited du- 
ration of remission after steroid withdrawal or 
proximal extension of disease on therapy [3]. 
Trials indicate that oral salicylates and topical 
steroids are inadequate in comparison to systemic 
steroids (see below). For the purposes of this chap- 
ter, refractory distal colitis is defined as persis- 
tent symptoms due to colonic inflammation con- 
fined to the rectum or recto-sigmoid colon despite 
treatment with oral and topical steroids for 6- 
8 weeks. 

What is the prevalence of refractoriness? 

The prevalence of refractory distal colitis is around 
20%, but is uncertain just because the management 
of active distal colitis is so variable. When 40 con- 
secutive patients with active distal colitis (24 proc- 
titis, 16 proctosigmoiditis), median age 48 (23-86) 
years were treated by a staged management protocol 
(Fig 10. 1), 22/40 (55%) achieved remission with 
topical therapy [4]. Of the remaining, 8/40 (20%) 
had active disease after oral steroids and met the 
criteria of refractoriness. Of these 8, 3 responded 
to further oral steroids and mesalazine enemas, 
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[Relapse in a patient with distal colitis 

Oral aminosalicylates >4 g/day 

with hydrocortisone foam enemas or mesalazine enemas 




|Symptoms continue: evaluate severity and pattern of disease! 



Prednisolone 40 mg/day, tapering over 8 week (moderate) 
20 mg, tapering over 6 week (mild), with steroid enema 




Remission 



Olsalazine 2 g/day 
maintenance 



Remission 

Olsalazine 2 g/day 

maintenance 

or 

rectal mesalazine 1 g/day 



Improvement 
Continue 



Remission 



Azathioprine 2.5 mg/kg/day 
with olsalazine 2 g/day 

or 
rectal mesalazine 1 g/day 
if azathioprine not tolerated 



|Symptoms continue! 
Refractory distal colitis 

Consider differential diagnosis (Table 10.1) 
Sigmoidoscopy, biopsy and stool culture 
Start mesalazine foam enemas 1 g at night (distal colitis) 
or mesalazine 1 g suppositories (proctitis) 

4 weeks 

|Symptoms continue| 

Plain abdominal X-ray: treat proximal constipation 

Repeat sigmoidoscopy 

Prednisolone 40 mg daily 

Azathioprine 2 mg/kg/day 

Use steroid enema in the morning, mesalazine enema at night 

Change mesalazine enemas to suppositories if not tolerated 





2-4 weeks 

|No change in symptoms| 

Admit for intensive treatment 

Flexible sigmoidoscopy to re-evaluate disease extent 

Discuss views on surgery; see stomatherapist 




1 week 

|Symptoms continue| 

Consider 

patient's views, pattern and duration of disease 

cyclosporin (initial attack) 

alternative therapies (disease of short duration, Table 10.2) 



Colectomy and ileoanal pouch (chronic recurrent disease) 
Fig 10.1 Management algorithm for refractory distal colitis. 



1 entered remission after treatment of proximal 
constipation and 3 after intensive intravenous treat- 
ment. One came to colectomy. Numbers are small, 
but they represent clinical practice and such patients 
are over-represented in outpatient clinics because of 
frequent attendance. 



Pathophysiology 



What defines distal disease? 



The extent of disease reflects differences between 
one part of the colon and another. There are 
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physiological differences between the proximal and 
distal colon, including energy substrate, epithelial 
permeability and electrolyte transport [5]. Toll-like 
receptor [6] and Paneth cell distribution [7], cy- 
tokine profiles [8] and stromal influences on cell 
function [9]. The proximal colonic epithelium, for 
instance, uses glutamine and glucose as well as 
short-chain fatty acids for oxidative metabolism, 
whereas the distal colonic epithelium is primarily 
dependent on butyrate [10]. This influences mucosal 
integrity, leucocyte recruitment [n] and resistance 
to injury, although it is a paradox that colitis starts 
in the less permeable epithelium of the distal colon. 
Mucosal blood flow [12], neuronal distribution [13] 
and motility [14] also differ between proximal and 
distal colon during inflammation, thereby influenc- 
ing colonic epithelial function. A fuller discussion of 
colonic heterogeneity and how host-bacterial inter- 
actions might provoke pro-inflammatory responses 
that lead to colitis is discussed in Chapter 4 [15]. 

The endoscopic limit of inflammation in distal 
colitis can be very striking and none of the dif- 
ferences between proximal and distal colon (other, 
perhaps, than neuronal distribution) appear abrupt 
enough to account for the sharp demarcation be- 
tween inflamed and normal mucosa that is often ob- 
served within a centimetre or two. Furthermore, the 
extent of colonic involvement is clearly dynamic, 
as illustrated by the proximal extension of procti- 
tis or regression of more extensive disease over time 
[16, 17]. This argues against the micro-vascular sup- 
ply determining the proximal extent of disease [18], 
so other explanations have to be sought. One is 
a threshold phenomenon. Epithelial and mucosal 
changes from normal to inflamed colon may in- 
deed be gradual, but there may be a threshold 
above which destructive inflammation is triggered. 
A threshold phenomenon would explain the abrupt 
line of demarcation, as well as the variable extent 
of disease, and still be consistent with other biolog- 
ical concepts, including that of controlled inflam- 
mation as a physiological process in the colon [15]. 
Another explanation is neuroimmune. The limit of 
inflammation may be controlled by interactions be- 
tween enteric neurones, stromal myoepithelial cells 
and fibroblasts, other constituents of the mucosal 
matrix and immune cell apoptosis that have yet to 
be fully defined [19], Peripheral evidence to support 



this view is provided by the increased cell density 
and total cellularity in distal colitis compared to the 
mucosa of patients with extensive disease [20], as 
well as the increased numbers of mast cells at the 
line of demarcation [21]. The leading edge of in- 
flammation in distal colitis needs further attention. 

Why does distal colitis become refractory? 

The reasons that distal disease becomes refractory 
can be divided into the environmental and physi- 
ological. Environmental factors include patient ad- 
herence with therapy, inadequate concentrations of 
the active drug, the wrong drug, or co-existent in- 
fection. Apart from adherence and the delivery sys- 
tem, the choice of drug is clearly relevant. Topi- 
cal corticosteroids, for instance, are less effective 
than topical salicylates (below) and the possibility 
that co-existing therapy (such as non-steroidal anti- 
inflammatory drugs) or infection might be causing 
refractory disease should always be considered. 

Adherence 

The issue of adherence (or compliance) with therapy 
is shockingly simple. Note that adherence implies 
choice, with the onus on the doctor to inform 
and the patient to decide about taking treatment, 
although compliance implies expectation and fault. 
In a follow-up study of 99 patients, all those who 
relapsed within 6 months took less than 80% of the 
prescribed dose and at 12 months, 68% (13/19 who 
relapsed) were non-adherent, compared to 26% 
who took more than 80% of the prescribed dose 
[22]. The risk of relapse in poorly adherent patients 
was increased five-fold (OR 5.5, CI 2.3-13.2). The 
prevalence of non-adherence with maintenance 
therapy is high. Out of 98 Sheffield patients with 
UC, 42% reported taking less than 80% of the 
prescribed dose, but urine analysis of 5-ASA and 
N-acetyl 5-ASA showed that self-reporting identi- 
fied only 66% of those with poor adherence [23]. 
This is similar to the Chicago experience, where 
the median dispensed dose of 5-ASA was 71% 
of that prescribed (range 8-130%) [24]. Factors 
associated with poor adherence include being male 
(OR 2.1, CI 1.2-4.9), rour or more prescriptions 
(OR 2.5, CI 1.4-5.7), full time employment (OR 
2.7, CI 1. 1-6. 9) and three times daily dosing (OR 
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3.1, CI 1.8-8.4). Being married helped (OR for 
poor adherence 0.46, CI 0.39-0.57). Adherence of 
patients with refractory disease needing thiopurines 
may be slightly better, but 4/82 patients (5%) on 
azathioprine or mercaptopurine had no detectable 
serum thioguanine, indicating that they were taking 
none of the medication [25]. Although adherence 
or compliance is typically more problematic in 
maintenance therapy for asymptomatic individuals, 
these studies underscore the relatively high rate of 
non-adherence in this patient population. Explana- 
tion and patient education regarding the principles 
of disease management and techniques of drug ad- 
ministration are required if outcome is to improve. 

Tissue concentration of 5 ASA 

Inadequate drug concentrations also affect relapse 
and reflect the delivery system. The mucosal 
concentration of 5 -ASA is inversely proportional 
to endoscopic and histological activity in ulcer- 
ative colitis (r = 0.712, p < 0.001) [26]. For 
oral salicylates, azo-bonded compounds (such as 
sulphasalazine, olsalazine, or balsalazide) deliver 
a higher concentration of 5 -aminosalicylic acid to 
the distal colon at equivalent doses than controlled- 
release Pentasa or Asacol [27]. The mucosal 
concentration of 5 -ASA has been reported to be 
higher with sulphasalazine than mesalazine in one 
study [28], but not another [29, 30]. What is clear, 
however, is that topical 5 -ASA massively increases 
the concentration of mucosal 5-ASA [28, 29]. Frieri 
and colleagues have shown that increasing the tissue 
concentration of 5-ASA by up to 100-fold by dou- 
bling the dose of oral and topical 5-ASA reduced the 
relapse rate 10-fold in patients with refractory dis- 
ease over a 2-year period [31]. The aim should also 
be to achieve a high concentration of 5-ASA in the 
rectal mucosa of those with refractory distal colitis. 

Pharmacokinetics of rectal therapy 

A suppository, once dissolved, has greater viscos- 
ity and mucosal adherence than liquid or foam en- 
emas, but only coats the rectum and recto-sigmoid 
junction [32]. The distribution of a foam or liquid 
enema, however, depends on the volume and rec- 
tal response to installation. In healthy volunteers, a 
100 mL enema reached the splenic flexure in 7 out 



of 8 subjects, whilst a 40 mL foam enema remained 
in the sigmoid colon in 50% [33]. Reflex rectal con- 
traction aids proximal distribution, but the greater 
the contraction, the less medication contact time 
there is in the rectum. In 31 patients with active 
disease, less than 10% of 30, 60 or 100 mL enemas 
remained in the rectum as measured by scintigra- 
phy, with most (66-99%) m the sigmoid colon [34]. 
When gels were examined by scintigraphy, a low 
volume (20 mL) had a similar distribution to 80 mL 
(up to the descending colon), but the study rather 
missed the point that length is not everything and 
efficacy may depend on the amount remaining in the 
rectum [35]. Gels are a logical formulation for top- 
ical therapy and more variety (5-ASA, ropivacaine) 
should become available. Given the anorectal in- 
stability associated with active distal inflammation, 
the pressure generated by rectal contraction after in- 
stillation of an enema can overcome anal sphincter 
tone and lead to immediate evacuation. This means 
that suppositories may be better tolerated, achieve 
a higher concentration of drug at the site of inflam- 
mation and be effective where enemas have failed. 
Suppositories may be a useful adjunct to treatment 
with enemas for distal disease. 

Physiological factors that may contribute to re- 
fractory disease include cellular steroid receptor ex- 
pression and poor rectal compliance. Steroid recep- 
tors express either an active a chain, or a |3 chain 
that is an intra-cellular antagonist of glucocorticoid 
activity. f> chain mRNA was detectable in 10 of 12 
poor responders to corticosteroids, but in only 1 
of 11 responders and 2 of 20 healthy subjects. All 
expressed the a chain [36]. Steroid receptor sensi- 
tivity has been examined by using the concentration 
of dexamethasone necessary to inhibit Tcell prolif- 
eration stimulated by phytohaemaglutinin. In severe 
colitis treated with intravenous steroids, all 1 1 com- 
plete responders had Tcells sensitive (>6o% inhibi- 
tion of proliferation) to less than 150 nM dexam- 
ethasone, compared to 2 of 7 poor responders [37]. 
Such trials have not addressed response in distal col- 
itis, but offer an intriguing insight into the mecha- 
nisms of refractoriness. Poor rectal compliance as a 
consequence of chronic inflammation, however, can 
cause persistent symptoms even in the absence of 
inflammation and, as indicated above, may dimin- 
ish mucosal contact time for topical therapies. With 
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diminished rectal compliance urgency and stool fre- 
quency increase, because the desire to defecate is 
triggered by low stool volume. 

Management approach 

Strategy 

The importance of a management strategy to avoid 
haphazard therapeutic trials of treatment in refrac- 
tory distal colitis cannot be over emphasised. The 
stages should be discussed with the patient, who 
usually appreciates the sense of direction, even if 
the response remains poor. My own approach when 
symptoms persist after initial treatment is first to re- 
view the diagnosis followed by a trial of mesalazine 
enemas. Proximal constipation is then treated, be- 
fore introducing azathioprine with further corticos- 
teroids. If colitis remains active after this, the patient 
is admitted for intensive treatment and the extent of 
disease reassessed at colonoscopy. The opportunity 
is taken during admission to discuss progress, the 
impact of continuing symptoms on lifestyle, the pa- 
tient's own wishes and the possibility of surgery. As a 
final stage, alternative therapies may be given a trial, 
largely based on anecdotal evidence, before surgery 
(Fig io.i). 

Conventional treatment of active distal colitis 

Therapeutic trials in ulcerative colitis suffer from 
many problems that make comparison difficult 
[1,38]. Lack of controlled data, insufficient statisti- 
cal power, clinical heterogeneity, incomplete report- 
ing of follow-up and ill-defined endpoints, are the 
main problems. Meta-analyses have attempted to re- 
solve these issues, although in one analysis of rectal 
corticosteroids [39], 50 of 83 trials were rejected be- 
cause of lack of randomisation, inclusion of patients 
with extensive colitis or Crohn's disease or duplicate 
reporting of data. In one key area (that of comparing 
oral salicylates with oral steroids) there are almost 
no comparative data. This matters when consid- 
ering the speed of response to treatment, which is 
as much of concern to patients suffering miserable 
symptoms, as potential side effects. For each patient 
it is fundamental to assess both the severity of re- 
lapse (mild, moderate or severe) and the clinical pat- 
tern of disease (intermittent, frequently relapsing or 



chronic continuous), according to well-established 
criteria [1, 40, 41]. 

Oral aminosalicylates and rectal steroids 

Oral aminosalicylates and rectal corticosteroids are 
commonly used as initial treatment for active ul- 
cerative colitis, but in controlled trials around half 
of mild to moderate attacks of colitis do not re- 
spond within 6 weeks. For example, in 158 patients 
given Asacol 2.4 g, 1.6 g or placebo daily with rec- 
tal steroids, the response (not remission) rate after 
6 weeks was 49, 43 and 23%, respectively [42]. 
Clinical response characteristically occurs at twice 
the remission rate. In a meta-analysis of oral 5 -ASA 
compounds for active disease [38], the outcome of 
interest on an intention to treat principle was the 
failure to induce remission. A pooled odds ratio of 
less than 1.0 indicated one treatment to be more ef- 
fective than another. Mesalazine was about twice 
as effective as placebo (OR 0.51, CI 0.35-0.76), 
but not significantly better than sulphasalazine (OR 
0.87, CI 0.63-1. 21). Meta-analyses, however, have 
not addressed the speed of response. It is often the 
speed of response that matters most to patients, who 
want rapid resolution of symptoms that are inter- 
fering with their life. Because aminosalicylates are 
well tolerated, there is a vogue (especially in the 
United States) for using very high doses (>4 g/day) 
to treat active colitis. The most recent trial exam- 
ined oral Asacol 4.8 g versus 2.4 g daily in 268 pa- 
tients with moderate UC, 50% of who had distal 
disease [43]. The treatment response at 6 weeks was 
72% in the 4.8 g group and 59% in the 2.4 g group 
(p = 0.036), regardless of the extent of disease, al- 
though complete remission was achieved in only 20 
and 17%, respectively. When the time to relief of 
specific symptoms was examined, 80% given 4.8 g 
and 70% given 2.4 g had cessation of rectal bleeding 
within 1 month. 

Combination treatment with oral and 
rectal steroids 

The modest response to oral aminosalicylates is in 
contrast to two early studies on combination ther- 
apy with oral and rectal corticosteroids. Oral pred- 
nisolone (starting at 40 mg daily) with steroid ene- 
mas induced remission in 77% of 1 18 patients with 
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mild to moderate disease within 2 weeks, compared 
to 48% treated with 8 g/day sulphasalazine and 
steroid enemas [44]. Similar findings were reported 
by Lennard-Jones [45], who found the combination 
of oral and rectal steroids to be better than either 
alone. An appropriate regimen for moderately active 
disease (bloody stool frequency 5-6 times daily with 
no systemic features) is prednisolone 40 mg/day for 
1 week, 30 mg/day for 1 week, then 20 mg/day for 
1 month before decreasing by 5 mg/day/week. Top- 
ical steroids can be given twice daily whilst there 
is visible bleeding, then once at night until oral 
steroids cease. Shorter courses are associated with 
early relapse and doses of prednisolone less than or 
equal to 1 5 mg day are ineffective for active disease 
[46]. Oral steroids with low systemic bioavailability 
(prednisolone metasulphobenzoate) and a colonic 
release mechanism are at a preliminary stage of de- 
velopment [47]. 

Although it may seem odd to base therapeutic 
recommendations on trials performed 40 years ago, 
the evidence they provide on clinical efficacy and 
speed of response has not been superseded. Side ef- 
fects to systemic steroids remain a real concern, but 
when the data on speed of remission are explained to 
the patient, decisive treatment is usually appreciated 
when there has been no response to oral salicylates 
and topical therapy within a fortnight. Persisting 
with treatment that is ineffective in 50% beyond this 
period puts a considerable burden on patients when 
symptoms are interfering with work and lifestyle. 
Distal disease may respond rapidly to topical sali- 
cylates (for example, 64% clinical and 52% endo- 
scopic remission after just 2 weeks on mesalazine 
suppositories 1 g daily [48]), but distal colitis can 
be as debilitating as more extensive disease. When 
symptoms are debilitating, limited disease is better 
treated as if it was more extensive. There is a clini- 
cal suspicion, but as yet no objective evidence, that 
refractory colitis is less common if a relapse is effec- 
tively treated at an early stage. 

Differential diagnosis 

If symptoms persist after oral and topical steroids, 
the disease can appropriately be called refractory 
and the diagnosis needs to be reviewed (Table 10. 1). 
Commonly, a co-existent irritable bowel accounts 



Table 10.1 Differential diagnosis of refractory distal colitis. 

Condition 

Irritable bowel syndrome with anal canal bleeding 

Aminosalicylate-induced colitis 

Solitary rectal ulcer (mucosal prolapse) syndrome 

Crohn's proctitis 

Neoplasia (carcinoma, lymphoma) 

Infection (Cytomegalovirus sp., Chlamydia spp., Herpes 

simplex, opportunistic) 
Quiescent colitis with poor rectal compliance 
Radiation proctitis 



for more symptoms than active disease. This should 
be suspected if abdominal pain and bloating are 
prominent, with only a granular mucosa visible on 
sigmoidoscopy. If symptoms are disproportionate to 
the objective evidence of disease, then they may re- 
spond to additional fibre, antispasmodics or other 
treatment for an irritable bowel. Care should, how- 
ever, be taken to ensure that topical therapy has not 
induced relative rectal sparing, leaving active inflam- 
mation beyond the reach of a rigid sigmoidoscope. 
Symptoms of pain and bloating can also be a feature 
of proximal constipation. The possibility of dietary 
intolerance or hypolactasia should be excluded. 

Other conditions should be evident from a 
careful review of the history and histology. Rectal 
mucosal prolapse (solitary rectal ulcer syndrome) 
classically mimics the symptoms of proctitis, but 
erythema on the rectal wall is focal and the biopsy 
shows characteristic interdigitating muscle fibres. 
Crohn's proctitis usually responds to similar treat- 
ment to ulcerative proctitis, but when refractory 
may indicate local infection that responds to 
metronidazole. In the absence of granulomas, his- 
tological features of discontinuous crypt distortion, 
focal inflammation and limited goblet cell depletion 
favour Crohn's [49]. The possibility of secondary 
colitis (from sepsis in the pelvis) should be consid- 
ered. An elevated C-reactive protein (CRP), platelet 
count, or weight loss in distal colitis or proctitis 
justifies pelvic magnetic resonance imaging and 
small bowel radiology. Radiation proctitis should 
be identified by the history. Infective proctitis is 
rarely chronic, but exceptions are amoebic colitis, 
Cytomegalovirus in the immunocompromised, or 
sexually transmitted infection (Chlamydia spp., 
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Herpes simplex). Very occasionally, salicylate 
therapy may itself provoke colitis [50]. Patients 
usually improve within 72 h of stopping treatment 
and experience a rapid (<^4 h) symptomatic and 
endoscopic relapse if rechallenged with rectal 
mesalazine [3]. Assuming none of these conditions 
apply and inflammation remains active, then further 
treatment of the distal colitis is appropriate, starting 
with a change in topical therapy. 



Topical salicylates 

Topical mesalazine (5-ASA) induced remission in ac- 
tive distal colitis in 31-80% (median 67%) com- 
pared to 7-11% given placebo in a meta-analysis of 
1 1 trials in 778 patients [51]. The properties and dis- 
tribution of topical preparations (suppository, foam, 
liquid enema or gel) need to be taken into account 
to ensure the maximum concentration of 5-ASA at 
the site of disease activity (see above). 



Advantages over rectal corticosteroids 

There is clear evidence that topical mesalazine is 
more effective than topical steroids. The pooled 
odds ratio comparing the two in seven trials showed 
rectal 5-ASA to be superior for disease remission, 
whether for symptoms (OR 2.42, CI 1.72-3. 41), 
endoscopy (OR 1.89, CI 1.29-2.76), or histology 
(OR 2.03, CI 1.28-3.20) [39]. In the largest trial of 
295 patients treated for 4 weeks, 52% on Asacol 
foam enemas entered remission compared to 31% 
on Predfoam (p < 0.001, intention to treat) [52]. 
The combination of high-dose oral and topical 
mesalazine has also been compared with oral ther- 
apy alone in the treatment of active extensive colitis 
[53]. In 127 patients, 90% improved after combi- 
nation treatment (Pentasa 4 g, Pentasa enema 1 g) 
for 4 weeks, compared to 62% on Pentasa alone 
(p = 0.0008) and 64% were in remission by 8 weeks 
compared to 43% (p = 0.03) respectively. It begins 
to approach the efficacy of oral steroids, although 
the speed of response is slower. It is also consistent 
with a much-quoted earlier study [54] and clearly 
indicates that combination oral and topical 5-ASA 
therapy is preferable to monotherapy. 



Topical salicylates compared with steroids of low 
systemic bioavailability 

Two further advantages of topical salicylates over 
conventional steroid enemas are the absence of 
adrenal suppression during long-term use and the 
ability to maintain remission. The potential systemic 
effects of rectal hydrocortisone or prednisolone may 
be clinically detectable after 8 weeks [55], but can 
be exaggerated. Biochemical adrenal suppression is 
detectable before 8 weeks, but is clinically unim- 
portant. Nevertheless, steroids with low systemic 
bioavailability have been developed (budesonide, 
beclomethasone dipropionate, prednisolone meta- 
sulphobenzoate, tixocortol pivalate) for topical use. 
Such 'newer' steroids are still less effective than top- 
ical salicylates. Clinical remission after 4 weeks on 
budesonide enemas was 38% compared with 60% 
on mesalazine foam enemas (p = 0.03) [56]. A dose- 
ranging study of budesonide enemas in 233 patients 
with left-sided colitis reported 19% clinical remis- 
sion on 2.0 mg and 27% remission on 8.0 mg, com- 
pared to 4% on placebo after 6 weeks [57]. This is 
unimpressive, although clearly better than placebo. 
Of greater interest is a study showing that the combi- 
nation of beclomethasone dipropionate (3 mg) and 
mesalazine (2 g) enemas produced significantly bet- 
ter clinical, endoscopic and histological improve- 
ment than either agent alone [58]. Consequently, a 
combination of corticosteroid enemas in the morn- 
ing and mesalazine enemas in the evening is a useful 
practical approach for refractory distal disease. 

Dose and delivery 

All trials in active distal colitis have used at least 1 g 
rectal 5-ASA daily, but there is no dose-response re- 
lationship. In a study of 113 patients with active dis- 
tal colitis, remission rates after 30 days on 1, 2 and 
4g enemas were 63, 67 and 72%, respectively [51, 
59]. Disease activity does not influence the distribu- 
tion of enemas, but less than 10% of an aminosalicy- 
late enema remains in the rectum over 4 h [34]. On 
the other hand, the type of suppository and delivery 
system may matter. In 50 patients with active proc- 
titis, a single high-dose suppository (Pentasa 1 g) 
was more rapidly effective than 500 mg (Claver- 
sal) suppositories twice daily [48]. Clinical (and 
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endoscopic) remission occurred in 64% (52.%) 
within 2 weeks on Pentasa, compared with 28% 
(24%) on Claversal suppositories (p < 0.01). Not 
surprisingly, once daily therapy was more popular 
with patients. Suppositories or foam salicylate ene- 
mas are better tolerated than liquid enemas. In 233 
patients with active distal colitis, 81% reported a 
good acceptance of mesalazine foam enemas com- 
pared to 49% given liquid enemas of the same dose 
[60]. This is likely to affect adherence with therapy. 
It will be apparent that most data relate to un- 
complicated proctitis or distal colitis rather than 
refractory disease. For patients with refractory left- 
sided ulcerative colitis (unresponsive to, or intoler- 
ant of, rectal or oral corticosteroids, or oral sali- 
cylates), salicylate enemas have been shown to be 
effective [61]. Remission was achieved in 54% after 
12 weeks and 80% after 34 weeks, allowing patients 
to reduce or discontinue corticosteroids. A novel ap- 
proach to improving outcome has been to add top- 
ical butyrate to 5-ASA enemas. When 51 patients 
with refractory disease received topical 5-ASA 2 g 
and butyrate twice daily, remission occurred in 6/24 
compared to 1/27 on 5-ASA and saline enemas (p < 
0.05) [62]. When considered with the results of the 
Italian study on refractory disease [31], topical sali- 
cylates should be started at an early stage. The type 
of application (enema, foam or suppository) should 
be changed if one formulation cannot be tolerated 
and combinations (suppository and enema) consid- 
ered. There may, however, be other reasons for a 
poor response, including proximal constipation. 

Proximal constipation 

Proximal colonic stasis is induced by abnormal in- 
testinal motility in patients with distal ulcerative 
colitis. The motility disorder is characterised by 
delayed mouth to caecum transit time, prolonged 
transit through uninvolved colon and rapid tran- 
sit through inflamed distal colon [63]. This im- 
plies physiological changes in the small bowel and 
uninvolved colon, presumably through neuroen- 
docrine or neuroimmune pathways. This may in- 
fluence drug delivery to the distal colon. Scintigra- 
phy has demonstrated that labelled, Eudragit-coated 
resin remained in the healthy proximal colon (91%, 



CI 85-96) in 12 patients with active left-sided dis- 
ease, so that only 9% (CI 4-15) was in the distal 
colon compared to 31% (CI 24-37) in 22 healthy 
controls (p < 0.001) [64]. This is a convincing ex- 
planation to account for the common clinical expe- 
rience that relief of proximal constipation leads to 
resolution of refractory distal colitis. Consequently, 
if sigmoidoscopic inflammation persists after treat- 
ment with topical salicylates and oral steroids, a 
plain abdominal radiograph is appropriate. If there 
is visible faecal loading in the descending colon, a 
vigorous laxative (1-2 sachets of Picolax™) is ap- 
propriate, after explaining the paradox of proximal 
constipation despite distal diarrhoea. Topical sali- 
cylates should be continued, but if symptoms do 
not resolve within another 2-4 weeks, then inten- 
sive treatment is usually the best option. 

Intensive treatment 

Although more commonly a feature of extensive 
colitis, distal disease can present with a severe re- 
lapse (bloody stool frequency >6 daily, with either a 
pulse rate >90, temperature >37.8°C, haemoglobin 
<io.5 g/dL, or ESR >30 mm/h). This should be 
treated promptly by direct admission and intra- 
venous steroids. In one study of 51 episodes of se- 
vere colitis, 16% had distal disease and in a further 
18% disease was left-sided [65]. The standard treat- 
ment regime involves intravenous steroids (e.g. hy- 
drocortisone 400 mg daily), rectal hydrocortisone 
and correction of electrolyte imbalance, anaemia or 
nutritional deficiency over 5 days. Antibiotics confer 
no additional benefit. 

Intravenous steroids and ciclosporin 

The real dilemma, however, is how best to manage 
patients with distal disease and continuing mild to 
moderate activity in spite of a course of oral steroids, 
topical salicylates and treatment of proximal consti- 
pation. Some gastroenterologists opt for further tri- 
als of topical therapy, often with alternative agents 
(see below). Distal colitis in these circumstances is 
best treated as if it was more extensive or severe. In 
39 patients with distal disease refractory to outpa- 
tient treatment with oral steroids and salicylates, re- 
mission was achieved by intensive treatment within 
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a week in 90% [66]. This is an impressive and rapid 
response in otherwise refractory disease and is better 
than that reported with alternative topical therapies. 
Should the response be poor, the role of ciclosporin 
is debatable. It certainly has a place in severe distal 
colitis not responding to intravenous steroids, be- 
cause colectomy may be avoided in a patient with 
limited disease, which is especially valuable dur- 
ing an initial attack [67]. The pattern of disease 
must, however, be taken into account. Ciclosporin 
should only be used for refractory distal colitis if 
there is the potential to change the pattern of dis- 
tal disease by using immunomodulators such as 
azathioprine. 

Reassessing the extent of disease 

During admission for intensive treatment of refrac- 
tory distal colitis, it is appropriate to perform a 
colonoscopy (or flexible sigmoidoscopy if disease is 
severe) to re-evaluate the extent of disease. The risk 
of proximal extension of distal disease has been de- 
bated. In a population-based study of n 61 patients 
with ulcerative colitis, 48% had proctitis or distal 
disease, 32% left-sided, 18% total colitis and 2% 
undefined at presentation [68]. Subsequent proxi- 
mal extension has conventionally been estimated at 
around 15%, but appears to be higher. In a retro- 
spective study of 145 patients with distal colitis at 
presentation, disease extension proximal to the sig- 
moid was recorded in 36% at a median of 6 years, 
becoming extensive in 29% [16]. Using actuarial 
analysis, disease extension was predicted for 16% 
(CI 11-24%) at 5 years and 31% (CI 23-40%) 10 
years after diagnosis. A similar proportion (27%) 
had disease extension in a larger study of 273 pa- 
tients with distal UC, but only a minority extended 
beyond the splenic flexure (4 and 10% at 5 and 10 
years, respectively) [69]. Interestingly, smoking ap- 
peared protective against disease extension. In con- 
trast, in 399 patients with UC, the extent regressed 
in 22%, with 30% having a normal colonoscopy 
14 months after diagnosis [17]. A 'caecal patch' le- 
sion has been recognised in patients with typical 
clinical, endoscopic and histological features of lim- 
ited distal ulcerative colitis, who have an isolated 
area of erythema and inflammation in the caecum 
[70]. Whether disease extension or refractoriness is 



more common in the presence of a caecal patch is 
unknown, but it should not trap the unwary into 
a diagnosis of Crohn's colitis. Finally, colonoscopy 
is helpful in excluding malignancy as a cause of re- 
fractoriness. Although the risk of colorectal cancer 
is not increased in distal colitis, sporadic cases may 
still occur. 

Maintaining remission 

Assuming that intensive treatment has succeeded in 
achieving remission, the next issue is how to main- 
tain remission. It has long been established that nei- 
ther topical nor systemic steroids are effective [71]. 
In spite of advocating systemic steroids at an early 
stage to induce effective remission, the effect of long- 
term (> 10 weeks) or recurrent courses (>2/year) on 
skin, soft tissues and bone should be considered clin- 
ically unacceptable. The options are an appropriate 
type and dose of oral salicylate, continued topical 
salicylates, or immunosuppression. 

Oral aminosalicylates 

The main role for oral aminosalicylates is to main- 
tain remission rather than treat active disease, but 
pharmacokinetic considerations influence the choice 
(see above, Fig 10.2). Azo-bonded drugs are theo- 
retically preferable in distal colitis, because luminal 
concentrations of 5-ASA, probably reflecting con- 
centrations in the colonic epithelium, are higher 
than with slow-release mesalazine [27]. This has 
been confirmed by measurement of tissue 5-ASA 
concentrations in some [28] but not all [30] stud- 
ies and is supported by some clinical trials. 

The most recent meta-analysis of maintenance 
therapy [72] analysed 16 trials on 2341 patients. 
Mesalazine was more effective than placebo (odds 
ratio for failure to maintain remission 0.47, CI 0.36- 
0.62) with an NNT of 6, but sulphasalazine had 
a small (but statistically significant OR 1.29, CI 
1. 05-1. 57) benefit over mesalazine. In spite of this, 
there was no difference between the trials using low 
daily dosages (<ig) and those using high dosages 
of mesalazine. This is a little surprising, but may 
be explained by differences in disease distribution 
among the patient populations, variable duration of 
follow-up (4-12 months) and definitions of relapse 
or remission. Dose is likely to be most relevant in 
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Fig 10.2 Endoscopic and histological activity 
in relation to mucosal 5-ASA concentrations. 
The higher the concentration of 5-ASA, the 
lower the disease activity (from Frieri et al, 
[26] with permission). 
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distal disease. When 198 patients were treated with 
0.5, 1.0 or z.o g olsalazine for 12 months, the high- 
est dose was most effective in proctitis (90% remis- 
sion, p = 0.03) [73]. It was also most effective in 
those who had recently relapsed ( < 1 2 months) prior 
to the start of the trial. The tendency of olsalazine to 
induce small intestinal secretion and cause diarrhoea 
might be used to therapeutic advantage in the prox- 
imal constipation associated with refractory distal 
colitis. Why the choice and dose of salicylate does 
not appear to matter for more extensive colitis is an 
interesting question, but is likely to have something 
to do with the pathobiology of events at the leading 
edge of inflammation. Prevention of inflammation 
may be a threshold phenomenon, dependent on the 
concentration of 5-ASA at the proximal limit of in- 
flammation and thus be largely independent of dose, 
if 5-ASA is effectively delivered. 

Otherwise there are very few comparative trials 
between the new salicylates. Olsalazine appears to 
be more effective than Asacol™ [74], consistent with 
the relatively enhanced delivery to the distal colon 
by olsalazine. Care must be taken in interpreting this 
study of 100 patients with left-sided colitis, because 
it finished early and had an unexpectedly high re- 
lapse rate (46% on Asacol™ at 12 months vs 34% 
on olsalazine). In another maintenance study of 99 
patients, balsalazide 3 g/day was more effective than 
Asacol™ for controlling nocturnal symptoms in re- 
mission (90% vs 77% asymptomatic, p = o.oon), 
but the remission rate (58%) was identical at 12 



months [75]. The difference is marginal and there 
was an exceptionally high withdrawal rate (57%), 
largely due to relapse. Caution is necessary in in- 
terpreting the results of comparative trials between 
5-ASA compounds and differences between aminos- 
alicylates other than sulfasalazine appear too small 
to be detected [76]. In practical terms, if olsalazine 
2 g daily does not maintain remission in refractory 
distal colitis once it has been achieved, then topi- 
cal maintenance therapy or immunosuppression is 
appropriate. 

Topical salicylates 

Topical 5-ASA as a liquid, foam, or suppository is 
undoubtedly effective at maintaining remission, but 
is less popular with patients. In 5 trials involving 
182 patients given mesalazine suppositories or ene- 
mas (0.8-2 g daily, or 4 g intermittently) for 6-24 
months, remission was maintained in 54-80% com- 
pared to 15-20% on placebo [51]. In two of the 
trials (98 patients), rectal salicylates were more ef- 
fective than oral therapy over 2 years (OR 2.41, CI 
1.05-5.54). Compliance may be improved with in- 
termittent therapy and mesalazine 1 g (Pentasa) sup- 
positories three times a week maintained remission 
in 52% over 1 year, compared to 38% on placebo 
(p = 0.018) [77]. Increasing the dose to 1 g daily 
in those who relapsed induced remission in 61% 
within 30 days compared to 8% given placebo. 
Consequently when oral salicylates alone fail, 



i 3 4 CHAPTER 10 



Pentasa™ i g suppositories daily are appropriate for 
maintaining remission in refractory proctitis, or sali- 
cylate (Asacol™) foam enemas for distal colitis. The 
combination of oral and topical therapy in relatively 
refractory colitis is better than either alone. This was 
shown in 72 patients (63 with distal colitis) who 
had relapsed recently (<3 months) or frequently 
(>i relapse/year) [122]. Patients were randomised 
to mesalazine 1 . 6 g daily, with placebo or mesalazine 
enemas twice weekly for 12 months. On combi- 
nation therapy, 71% remained in remission, com- 
pared to 31% on oral therapy alone (p = 0.036). 
If aminosalicylates are ineffective or cannot be tol- 
erated, however, immunosuppression is necessary, 
which is often the case after intensive treatment for 
refractory distal colitis. 

Immunomodulators 

Azathioprine and its metabolite 6-mercaptopurine 
are effective for patients who have frequent relapses, 
as well as those with chronically active disease that 
flares up when oral corticosteroids are reduced [78]. 
The standard dose for azathioprine is 2 mg/kg/day 
(1 mg/kg/day for 6-mercaptopurine) and several 
months of treatment is necessary for maximum 
effect. Much of the information about azathioprine 
has been transferred from trials on Crohn's dis- 
ease, but it is effective as a steroid-sparing agent 
(NNT = 3 ) and should be considered for those who 
relapse rapidly (<6 weeks) after oral steroids, or 
who relapse at doses less than 1 5 mg/day. This is as 
true for distal colitis as for those with more exten- 
sive disease, although anecdotal experience from St 
Mark's on 52 patients who received immunomodu- 
lators out of a total of 228 with distal UC, suggested 
that efficacy may be lower in distal disease. Thiop- 
urines had a clinically useful effect in 43%, were 
ineffective in 16% and caused toxicity in 34% [79]. 
This does not, however, reflect our experience. 

For the majority who tolerate azathioprine, the 
question is how long it should be continued. In 
67 patients in remission on azathioprine randomised 
to continue the drug or to placebo, 64% remained 
in remission on azathioprine at 1 year, compared to 
41% on placebo (p = 0.04) [80]. A beneficial effect 
was detected for at least 2 years and if the effect in 
Crohn's disease can be extrapolated, the benefit may 



persist for 4-5 years or more [81]. It is customary to 
continue oral salicylates with azathioprine. There is, 
however, no evidence that the combination is better 
than azathioprine alone. 

Methotrexate has been disappointing in con- 
trolled trials of refractory ulcerative colitis, unlike 
Crohn's disease, but doses have been low. A weekly 
dose of 12.5 mg (half of that used in Crohn's dis- 
ease) was no better than placebo in induction or 
maintenance of remission in steroid-dependent ul- 
cerative colitis [82]. The potential advantage is that 
patients who cannot tolerate azathioprine can often 
tolerate methotrexate (and vice versa). A review of 
the Oxford experience showed that oral methotrex- 
ate at a mean dose of 20 mg/week achieved a good 
response (steroid withdrawal) in 50% with refrac- 
tory ulcerative colitis and a sustained remission off 
steroids in 15/42 patients over a period of 72 weeks 
[83]. Hence methotrexate can be considered for 
thiopurine intolerant patients with refractory dis- 
tal colitis, although the lack of controlled evidence 
supporting its use should be recognised. 

Alternative therapies 

The choice of alternative therapies is large, but 
whilst this reflects the potential refractoriness of 
distal colitis and proctitis, it also indicates the reluc- 
tance of gastroenterologists to treat limited disease 
systemically. Using the approach outlined above, in- 
cluding intensive treatment, very few patients re- 
main refractory. Some may consider this approach 
unnecessarily aggressive but it is, after all, much 
easier for the gastroenterologist to put up with a 
poor response to therapy than it is for the patient. 
Nevertheless, there are some patients with limited 
and troublesome disease rather than disabling symp- 
toms, for whom colectomy might be avoided by 
patiently persisting with topical therapy. The prob- 
lem with these alternatives is that most are based 
on open studies, or trials with insufficient power to 
detect a difference. The options do, however, illus- 
trate innovative approaches to treatment, with an 
insight into proposed mechanisms of disease. Ta- 
ble 10.2 summarises the evidence. The choice really 
depends on local availability and personal prefer- 
ence, because many have to be made up individu- 
ally by pharmacy. Some novel approaches, such as 



as 



•I, 
s 

5 

5 

Q 

U 



I "3 
as 



O 'C 
ft P 



£ U 



o S a ■*■ 
.5 -a S ^ 



2 « 



o 
_ 6 

s v 
s s 

■a „ 
b c 



g .a 



fi S t! 



tr a. o 
2 § 1 

5-( O 0> 

"-*-> n to 

« y « y 

.-H TO 4-1 (1 

§.»§„ 

5 -a o h 



c 






C 
> 

--2 




_j 






2 


o 

H 


£ 

QJ 

t-i 




u 


ri 


•-.o 


■-■ 



c 

Oh 



o o 

+ -Q 



B .£ 

B-3 



on a «. 



5 -» g j- < < 

.§ 8 -Li | ^ ^ 
3 



to 
S 

3 

!- 

_g 

"3 



c 
E 
c (J 
' &P 

O 13 



'3 . c 



o 


0 s - 


*6 


u 


c 


'*■ 


in 


-Q 


c 


0 


C 


TO 


c 


-D 


TO 


-3 

o 


:'"•■ 


aj 
U 


0 


TO 


> 


Tj 


C^ 




TO 



o 
d 
V 



Ha x 
B "2 



c . c 2 

° 6 •- -9 

'3 J Ml n 

.5 « .5 B 

B u « H 

B « -a w 

aj -a G o 

- - P s 



f £ 



-G "H 



u 






D. 

o 



O 



as 



oS 



c 

G 



a 
O 



c 

O 



a w 







:r. 


-.i 


ZL 


00 


E 


E 


E 


E 


o 


o 


o 


o 


o 


o 


O "i 


o 


"*■ 


rj 


00 -^ 


\c 




* — ' 



B •* -3 •* -S 



a 

o 



.a p 

a, -a 
p 



o 
o 


r. 

o 


1^ 






~o 


c 


"S 


!-i 


^3 


TO 


u 




:- 


aj 


a 



>P B 




£ 53 


J 


O "3 


E 




o 
o 


H < 


H 


JJ to 




s < 


iS 


p 1 


o 






B S -2 5 



^7: u t 



U 



6 -a 



tin — ' 

w 



-J 
E 
o 



c 
c 
c 



3 

-3 
O 

E 



G 





:" 








■— 


_g 




■- 


C 


u 




« 


o 


.2 


1- 

TO 




c 


3 


UJ 

a 


-D 


TO 


^TO 




"to 

'..J 


"to 




U-l 

"to 


: 


E 
■a 


(J 


c 




a 


TO 
-C 


6J3 


ID 


B 


u 


■-.,■ 
u 


c 


"a 


B 



W aS 






3 

s 



J2 



-a 


t? 


B 


_o 


3 

p 


"o 
u 


a 




S 


B 


o 


O 




CQ 



o 
a 



s 


C5 


c 


S 


bJ^ 


QJ 




t= 


"n 


aj 


E 

QJ 


o 


-a 


TO 


'5. 


M-i 


BJ 





T3 




p 


rt 


J _, 


= 


CJ 


C,( 


•s 


c 



OS 



3 

-a 



0 
Q 



s 




0 








S 




.e 


0 

o 




"3 






_o 


(N 




"60 


O 




0 


*^ 




g 


OJ 


G 
60 


3 

3 



?3 — ^ 



"75 S 





6 


- 

c 
a 


« 


'6 


rr>. 


£ 




t\ 


■ — 




q 






H 




o 


0 s - 


d 

II 








y 


-T3 


oc 


c 


CD 

S 

c 


> 


'a 
c 

-j 

c 




d 


ft, 


s- 


s 


OJ 


-a 

d 
W 


D 


u 


H 


0 


o 


g 




Z 




z 



S ft. « "3 s 



C 
60 



-5- fe 



_3 ft "^ ^ 



S H "n c S 



.s -a -a 

IT* +^ OJ 



ON ON 
m Q 

3 Jj 
o J5 



2 < 



ft o 

—" > 
3 o, 

OJ 

+ § 



& s 



- o 2 

5 ° * 

aj aj ^ 

F1 « 



c 



p S 



13 _- .5 



E 



So -a -c 

o S — 

■7? 8 P 



o .2 

H -O 



(J 

B 

c 


U 


JH 
Q. 


.g 


aj 


>, 




'j 


■- 


a 


C 


aj 



d -a d 

al O oj 



T( .2 "D T3 
O -d o O 

z z z 







c 


0 


0 


o 


o 








o 


o 




o 


O 0 


a 


c 


13 


TJ 


13 


13 


13 


G 


G 


c 


13 


13 


c 


13 


13 13 


OJ 


U 


C 


C 


e 


G 


S 


' .■ 


OJ 


u 


G 


i 


u 


G 


G G 


Q. 


o. 


r: 


rt 


« 


-.; 


ri 


O- 


Q. 


& 


■: 


rr 


D, 


1! 


rt rt 


O 


O 


PS 


o- 


o- 


BS 


eS 


O 


O 


C 


oS 


si 


o 


oi 


OS Pi 



a <g 

s 



c 

_c 
c 

'3 

5 in u 
C a. u 

o » S 
u g " 

_ 60 — i 
« G 60 
SB 

■n | H 



c 

J2 



C 



S 60 

% B 

y ^ • 



60 

B 

NO 



>. 



U 



H S ^ 



Tl U TJ 



| > 

a s 

G .3 



OJ 



60 5 



■g 

'c 



c 

•< 
< 



B 
c 



h2P d t^ 



h 



c 



B 



it! ihl 



^ B 



G "I 
O 



Z Z 



S 
o 
o 

H 
OJ 60 

'a 



NO 


o 


-■■'. 


O 


u 






D. 


NO 


_rt 






a 


5 


o 


« 


CJ 


aj 



< 3-S 

U .5 5 

r N J 

"53 x "B 

-S H -S 

'Bh Jj 'B. 



« 



-: 



65 .3 

d H o 

£ hS z 



TO 1^ 

V s 

<u 



-a 
>-. 



"S. u « 3 

guS-5.2 
.8 j 60 j, a 
a s ^ S > 



& & 



X! 




X 


y 


X 


ja > 


'B 


E 


B 


E 


B 




<l 


u 
c 


< 


< 


< 


< s. 


Uh 


Uh 


u. 


Uh 


uh rr 


u 


u 


U 


u 


u 5 


■J-l 




t/J 


GO 


t/J 


uo CQ 



a cn 

O 00 
■J3 H 



H 


3 


K 


cd 


to 


o£ 


: 


c 


OJ 

a 




OJ 


OJ 


~a 




OJ 


s 



rt o 

U TO O^ '-M 



o o 

'C * 
aj 

& c 

3 S 

-*- oj 

<; -a 



3 

O 



5 "a, i "rt £ 



o 
u 

0 

T3 

&-, 



OJ ft. 



o s 
6 8 

v "-S 



.y § 

o cd 

cd G 

o -a 

-a « 

e ' 

oj 






.H oj 

CD S_i 



^^ y 

> ^3 £ 
S o d 



oc • 
o 



X _ 



-a j-< 
e 






■> d 



t3 w 



oj o <u 

</> cH CD 

TO C TO 

oj -m oj 

!h 3 J- 



° g 

O O 

II ° 

11 o 

ft, *-• 
~ -a 

d s 

to 

a 

c 



o 



■*■ 


o 


o 


o 


o 


H 


— 


^r 


<^ 


-*■ 


\c 


^r 


H 


H 


£ 


a 


e 


a 


a 




a 


0 


c 


o 


0 


o 




o 


-T3 


-a 


T3 


-a 


-a 


d 


-a 


d 


a 


a 


a 


c 


OJ 


c 


ra 


-:, 


to 


-j 


TO 


C- 


TO 


pi 


oi 


Pi 


Oi 


Pi 


O 


Pi 



> 
tic 
■*■ 

OJ 
4-1 

to 

'J 

fl 
S/5 



o 

OJ 

4J 

0 

N 

c 

OJ 

c _§ 



J2 < -* 

u 7 g 

OJ i^i JJ 

% ^ P 



OB 0 
O J3 



be 

e 

o 
o 



d ^ 

-a 2 

OJ u 



O '3 

* -a 

d <" 

to o p* 

> 2 " 

8 ^ s 

Oh O 



<3 Oh rt O 



S S 



M * > rt 

5H 

b£> u 

3 



TO CJ ^ TO 



1/5 



■a .. 

_d oj 



n, Li vj CD rr-, ** 

" tT o .m _^ .2 

OJ OJ c 

g 0JJ-T3 

5 P 



CD ^ ^f 

i* o _^ — 

la & 1 

8^ * 8 



M-H ^C ■— - 

o> be 

s s 



TO 



■*■ -a 



& 



u op 

d _2 

OJ ^3 



O 
OJ 



a 



c^ 



OJ 


•— 

OJ 


U 




0 




TO 

_a 
d 




w 





o rt n 

d a 2 

o g « 

.K « -3 

_Q ca aj 

3 .a a 

d 



-o 


c 




c 


TO 


s 


TO 


-a 


4-J 






o 




^2 

■si 


IS 


c 


'i, 


OJ 


TO 


"J 



3 
C/5 



a 5 

-° d 

a - s 

o <s 

^ < 



TO 

OJ 



138 CHAPTER 10 



antibiotics against Fusobacterium varium [117] or 
leucocytapheresis [118] are appealing, not least be- 
cause they differ so appreciably from previous ther- 
apy. However, it is all the more important that such 
approaches (and technology-dependent leucocyta- 
pheresis in particular) are subjected to randomised 
controlled trials. 



Surgery 

Patients with chronically active disease affecting 
the quality of life or employment, who have not 
responded to intensive treatment or cannot toler- 
ate immunosuppression, are candidates for surgery. 
Such a decision should never be precipitate, because 
refractory distal colitis is a chronic condition that 
rarely causes the systemic disturbance of more ex- 
tensive colitis. The decision is quite appropriately 
deferred until all medical options have been vigor- 
ously applied, but a surgical option should be raised 
when a patient is admitted for intensive treatment, 
if only to gauge their response. The opportunity to 
discuss stomas and pouches with an experienced 
stomatherapist is often appreciated by the patient 
and relatives, because it provides information, even 
if this is subsequently unnecessary. Much depends 
on the individual patient's perception of disability 
caused by the disease and their attitude to surgery, 
but it also depends on the working relationship be- 
tween gastroenterologist and colorectal surgeon. A 
total colectomy has to be performed, usually with 
ileoanal pouch formation, because segmental resec- 
tion leaves that part of the colon most affected and 
is almost invariably followed by relapse affecting 
previously normal bowel. 

Operation rates for refractory colitis vary widely, 
whatever the extent of disease. The practice in 
Copenhagen has a higher proportion of patients 
coming to surgery than in many centres, but repre- 
sents the best population-based data available. Out 
of 498 patients with ulcerative colitis who had dis- 
tal disease at presentation, 9% came to colectomy 
in the first year of diagnosis, followed by 1% in 
subsequent years [68]. This includes those patients 
whose disease became extensive rather than remain- 
ing distal, but at St Mark's Hospital (United King- 
dom), 8/52 patients with refractory distal colitis 



treated with immunomodulators came to colectomy 
[79]. This is a specialist practice, but for a general 
population of 250,000, around 1 colectomy every 
1-2 years would be performed for distal disease. 

Another surgical approach that has been sug- 
gested for the management of refractory ulcerative 
colitis is appendicectomy. A negative association be- 
tween appendicectomy and the onset of UC is well 
recognised: about 2% of patients with UC have had 
an appendicectomy, compared to 1 1 % of the general 
population. What is less well recognised is that prior 
appendicectomy influences the phenotype, with 
later onset and less severe disease (OR o. 1 5, CI 0.02- 
1.15, p = 0.04) [119]. The idea that elective appen- 
dicectomy may influence that pattern of refractory 
UC is challenging, but may be sustainable [120]. 

The outcome of colectomy and pouch formation 
for distal colitis is usually good. In 263 patients who 
had a restorative proctocolectomy at one French 
centre (1986-96), 27 had surgery for distal disease 
[121]. After surgery there was a significant decrease 
in mean (SD) diurnal stool frequency 8.2 (4) vs 
4.7 (2) stools/day, nocturnal stool frequency and ur- 
gency in 26/27 vs 1/27 patients (p < 0.001). Previ- 
ously unknown severe dysplasia was identified in 2 
patients. All but one patient were satisfied with the 
results and 25/27 wished that they had had surgery 
sooner. 

Conclusions 

There is a pressing need for data to allow objec- 
tive decision-making in the management of refrac- 
tory distal colitis. On the current evidence, the algo- 
rithm (Fig 10. 1) is a practical approach that should 
help because it is staged. Combining oral and topi- 
cal therapy, using salicylate suppositories as an ad- 
junct to enemas, admission for intensive treatment 
and maintaining remission with immunosuppres- 
sion should be effective in the vast majority, without 
resorting to alternative therapies or surgery. 
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Introduction 

Therapeutic manipulation of the enteric flora is 
emerging as a plausible and realistic option for the 
management of a diversity of clinical problems. 
This has contributed to a resurgence of interest in 
the role of the flora in the development and function 
of the gastrointestinal tract. Such is the contribution 
of the flora to mucosal homeostasis that it is no 
longer acceptable to study intestinal pathophys- 
iology outside the context of the activities of the 
indigenous bacteria. Indigenous bacteria within 
the gastrointestinal tract are primarily an asset, 
conferring protection against pathogenic infections, 
priming mucosal immunity and producing vitamins, 
nutrients and other biologically active metabolites. 
Occasionally, depending on host susceptibility, the 
bacterial flora may become a liability and contribute 
to disorders such as Crohn's disease and ulcerative 
colitis. It follows that any strategy that promotes 
microbial assets and/or offsets liabilities represents 
a therapeutic option. Therein lies the rationale for 
pro-biotic/pre-biotics and other forms of therapeu- 
tic manipulation of gut flora [1-3]. Although this 
is often discussed in simplistic terms as replacing 
'bad' bacteria with 'good' bacteria, the interaction 
between the host and the enteric bacterial flora is a 
dynamic one, underpinned by continual signalling 
and engagement of pattern recognition receptors, 
which maintains mucosal homeostasis. The impact 
of pro-biotics or pre-biotics is not simply ecologic 
('good' for 'bad' bacteria) and almost certainly re- 
flects a change in prokaryotic-eukaryotic signalling 
[i,4l- 



Although the efficacy of pro-biotics in enteric 
infections and post-antibiotic syndromes appears to 
be established [5-7], and there is impressive support 
for pro-biotic therapy in pouchitis [8, 9], convincing 
evidence for efficacy in other forms of inflammatory 
bowel disease is less compelling. More importantly, 
there are several problems and pitfalls that need to 
be resolved before guidelines for routine clinical use 
of pro-biotics in Crohn's disease or colitis can be for- 
mulated. The clinical implications of host-flora in- 
teractions in inflammatory bowel disease, with par- 
ticular reference to the promise of pro-biotics, is the 
subject of this overview; other aspects of the gut 
flora and the scope and promise of pro-biotics have 
been reviewed elsewhere [1-3, 10-12]. 

Notes on definition and terminology 

The definition of pro-biotics is continually under re- 
view [13, 14]; they may be operationally and most 
simply defined as commensal organisms that can be 
harnessed for therapeutic benefit. The emphasis has 
generally been on live micro-organisms, but with 
clarification of mechanisms of action and identifi- 
cation of therapeutic pro-biotic metabolites; a pro- 
gramme of 'bugs to drugs' discovery may yield a new 
generation of biologic control agents that will chal- 
lenge current definitions. For this reason, the more 
inclusive term pharmabiotics may be more appro- 
priate. 

The most commonly used pro-biotics are 
lactobacilli and bifidobacteria, although other 
bacteria, such as non-pathogenic E. coli and even 
non-bacterial organisms, such as Saccharomyces 
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boulardii have been used for pro-biotic effect. In 
contrast, pre-biotics are non-digestible food ingre- 
dients that beneficially affect the host by selec- 
tively stimulating the growth of bacterial species 
already established in the colon and thus improve 
host health. These are usually of a poly- or oligo- 
saccharide nature. The combination of pro-biotics 
and pre-biotics is referred to as synbiotics [15]. It is 
also noteworthy that the scope for harnessing mi- 
crobes for therapeutic effect in inflammatory bowel 
disease is not limited to targeting host-bacterial in- 
teractions; helminths and helminthic antigens are 
currently being investigated with encouraging re- 
sults in animal models of inflammation and promis- 
ing early results in humans [16, 17]. 

Pro-biotics represent one aspect of an emerging 
class of functional foods at the interface of the food 
and pharmaceutical industries. Although there is no 
universally accepted definition of functional foods, 
there is a consensus that some foods and/or food ad- 
ditives have a distinct health benefit beyond their nu- 
tritional content. Although the concept of functional 
foods is not new, the application of rigorous scien- 
tific scrutiny to the area is at an early stage. Clin- 
icians and scientists are beginning to embrace the 
concept with increasing enthusiasm, and the com- 
mercial promise of functional foods is greater than 
ever. It has been suggested by some economists that 
future consumers will expect that all foods be func- 
tional. Realising this promise will require careful sci- 
entific underpinning of functional food claims in ad- 
dition to effective communication across industry, 
science and society, and clarification of current and 
future regulatory constraints. The process for the 
assessment of scientific support for claims on foods 
(PASSCLAIM) for these problems has recently been 
addressed [18]. 

Host-flora interactions in health and 
disease 

The normal enteric flora exerts positive and negative 
regulatory effects on the development and function 
of the intestine. This is evident from comparative 
studies of germ-free and conventionally colonised 
animals. In the absence of bacteria, there is reduced 
mucosal cell turnover, digestive enzyme activity, 



cytokine production, lymphoid tissue, lamina pro- 
pria cellularity, vascularity, muscle wall thickness 
and motility. In contrast, there is an increase in en- 
terochromaffin cell area [19]. Modern techniques, 
such as laser capture micro-dissection and gene 
array analysis, are now being deployed to probe 
the molecular events underpinning the regulatory 
signalling from the lumen and promise to reveal 
new molecular targets for the design of future 
therapeutics [20, 21]. When applied to animals 
colonised with only a single bacterial strain, Bac- 
teroides thetaiotaomicron, these experimental tech- 
niques have demonstrated the impact of bacterial- 
derived signalling on the expression of host genes 
controlling mucosal barrier function, nutrient ab- 
sorption, angiogenesis and development of the en- 
teric nervous system. 

Incoming bacterial signals include secreted 
chemo-attractants, such as the formylated pep- 
tide f-met-leu-phe, cellular constituents such as 
lipopolysaccharide (LPS) and peptidoglycans, 
flagellin and bacterial nucleic acids (CpG DNA). 
Discrimination of pathogens from commensals by 
the host is mediated, in part, by pattern recognition 
receptors such as Toll-like receptors (TLRs) that 
are present on epithelial and immune (dendritic) 
cells. Engagement of TLRs by ligands from the 
commensal flora appears to be required for mucosal 
homeostasis in health. Thus, not only are bacterial 
signals required for optimal mucosal and immune 
development, they are actually required to maintain 
and condition the mucosa for responses to injury 
[22, 23]. 

The immune system mediates the sense of micro- 
bial danger and responses to injury. Like all senses, 
immunosensory acuity requires continual educa- 
tion and fine-tuning by environmental experiences 
such as microbial colonisation and exposure to spo- 
radic mucosal infections. Without the flora, mucosal 
lymphoid tissue is rudimentary and induction of 
mucosal immune responses and tolerance are sub- 
optimal [2, 24]. The challenge for host immunosen- 
sory performance within the gastrointestinal tract is 
to maintain tolerance to commensal flora whilst re- 
taining the capacity for rapid responses to episodic 
challenge with pathogens. Immunologic sampling of 
the microbial environment across the epithelium is 
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mediated by M cells, which deliver particulate and 
microbial antigens to underlying immune cells and 
by mucosal dendritic cells, which appear to extend 
processes into the lumen between the surface en- 
terocytes without disrupting tight junctions [25]. 
Intestinal dendritic cells can ingest and retain intact 
live bacteria, and transit to the mesenteric lymph 
node where immune responses to commensals are 
induced locally [26]. Thus, the mesenteric lymph 
node acts as a gatekeeper, preventing access of com- 
mensal bacteria to the internal milieu and protecting 
the host from harmful systemic immune reactivity. 
The immunosensory function of dendritic cells is re- 
flected by their remarkable plasticity and versatility 
of responses [27], depending on the type of organ- 
ism they encounter. In addition to specific immune 
responses to enteric bacteria, the surface epithelial 
cells serve a sensory function for microbial danger 
by production of chemokines that activate and re- 
cruit the host immune response if there is a breach 
in the mucosal barrier pathogenic infection [28]. 

Bacterial signals from the lumen are transduced 
into host immune responses after engagement of 
TLRs and may trigger more than one molecular 
cascade. The transcription factor nuclear factor- 
kB (NF-kB) is the pivotal regulator of epithelial 
and immune responses to invasive pathogens, but 
non-pathogenic bacteria can attenuate inflamma- 
tory responses by delaying the degradation of IkB, 
which is counter-regulatory to NF-kB [29]. Other 
signal transduction pathways probably account for 
the anti-inflammatory effects pro-biotics and other 
commensal organisms, such as the anaerobe Bac- 
teroides thetaiotaomicron. This can antagonise the 
pro-inflammatory effects of NF-kB within the ep- 
ithelial cell by enhancing the nuclear export of its 
transcriptionally active subunit (RelA), in a perox- 
isome proliferator activated receptor-a-(PPAR-a)- 
dependent manner [30]. 

There is compelling evidence implicating the 
flora as a contributory factor in the pathogenesis 
of inflammatory bowel disease (reviewed in [12]). 
Indeed, many observations of immunological distur- 
bances in these conditions may reflect immune reac- 
tivity against components of the flora and this has 
been exploited to identify the microbes contributing 
to the pathogenesis of disease. Marker antibodies 



generated by hybridoma or phage display technol- 
ogy have been used as reagents to identify microbial 
antigens. For example, anti-neutrophil cytoplasmic 
antibody (pANCA) associated with ulcerative colitis 
has been used to identify colonic bacteria express- 
ing a pANCA-related epitope [31]. More recently, 
serological expression cloning was used to identify 
bacterial flagellin as a dominant antigen in Crohn's 
disease [32]. 

The multiplicity of different defects that may 
lead to a similar chronic inflammatory outcome in 
animal models probably also reflects the heterogene- 
ity of these syndromes in humans. Indeed, genetic 
studies of human inflammatory bowel disease (re- 
viewed elsewhere in this text) underscore the like- 
lihood of distinct subsets of disease. The subset of 
Crohn's disease linked with the NOD2 (CARD15) 
polymorphism has highlighted the importance of 
proteins involved in the regulation of host responses 
to bacteria within the intestine [33, 34]. It seems 
likely that additional subsets of disease may be due 
to other defects at the level of pattern recognition 
receptor polymorphisms or along the cascade of 
events following engagement of TLRs by commen- 
sal an pathogenic bacteria. Whether non-pathogenic 
organisms including pro-biotics can be harnessed to 
offset these defects remains to be seen. 



Strain selection: not all pro-biotics are 
the same 

Discussion of pro-biotics in generic terms for 
clinical medicine is no longer acceptable and far 
too superficial. Clear distinctions between different 
bacterial strains are evident and these may translate 
into variability in efficacy in different clinical condi- 
tions. Guidelines for pro-biotic strain identification 
and functional characterisation have been generated 
by the Joint Food and Agricultural Organisation 
(FAO) of the United Nations and the World Health 
Organisation (WHO) [35]. At present, there is no 
biomarker from in vitro studies that reliably pre- 
dicts function in vivo for putative pro-biotics in any 
clinical condition. Furthermore, it is unlikely that a 
single microbial agent or microbial product will be 
effective in each of the diverse clinical conditions 
for which pro-biotic efficacy has been claimed. 
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Comprehensive comparisons of pro-biotic perfor- 
mance using different strains need to be completed 
in specific disease states. There is emerging evidence 
in both inflammatory bowel diseases and irritable 
bowel syndrome that pro-biotic efficacy is not uni- 
form [12, 36]. Furthermore, in light of increasing 
understanding of pharmacogenomics and nutrige- 
nomics, individual variability in composition of the 
enteric flora might have to be considered as a deter- 
mining factor for optimal pro-biotic strain selection. 
Without resolution of these pivotal issues, pro-biotic 
therapy will struggle to become established in the 
arena of evidence-based medicine. The consumer 
would also benefit from greater regulation of un- 
substantiated or exaggerated health claims for some 
commercially available pro-biotic preparations. 

Dosimetry: how much and how often? 

There is currently no internationally recognised 
standardised system for verification of pro-biotic 
product quality in terms of stability and shelf life. 
In addition, the dose range, frequency of adminis- 
tration and optimal vehicle of delivery have received 
limited research attention and may vary for different 
pro-biotics. Like other biologic agents, pro-biotics 
may not exhibit a clear dose-response profile like 
that seen with conventional small molecule drugs. 
Furthermore, the effective dose of pro-biotics will be 
influenced by survival during gastric transit, expo- 
sure to bile and possibly by the potential for coloni- 
sation and multiplication within the colon. 

In humans, the optimal dose for pro-biotics may 
differ in different disease indications. It is, there- 
fore, desirable that studies of pro-biotics include 
some strategy for quantifying transit and survival of 
ingested organisms either by conventional culture- 
dependent methods on faeces or by using molecu- 
lar probes. In the case of Lactobacillus salivarius 
UCC118, a consistent profile of faecal excreted lev- 
els of the pro-biotic after a 3 -week feeding period 
has been demonstrated [37,38]. The profile of faecal 
excrection of this lactobacillus and Bifidobacterium 
infantis has also been examined in a murine model 
of inflammatory bowel disease [39]. In addition, the 
kinetics of arrival of the pro-biotic at the terminal 
ileum and, therefore, the ability of the organism to 



survive gastric acid and bile and small bowel transit 
has been demonstrated [37]. 

Monitoring pro-biotic impact on the 
intestinal ecosystem 

One of the great technological limitations to the 
study of the intestinal flora and the impact of pro- 
biotics is the inadequacy of traditional culture- 
dependent methods. Only about 50% of the in- 
digenous gastrointestinal bacteria can be cultured at 
present. Therefore, little is known of their metabolic 
activity or variations in composition after inges- 
tion of pro-biotics. This has led to increasing use 
of culture-independent, molecular methods of ex- 
amining the enteric flora, including 16S DNA am- 
plification and denaturing gradient gel electrophore- 
sis (DGGE), which have been used to examine the 
diversity and stability of human intestinal bacteria. 
Strain-specific primers and probes have refined the 
technique and have been deployed in other tech- 
niques such as fluorescence in situ hybridisation 
(FISH) flow cytometery (FLOW-FISH) [40-43]. 

Another level of complexity in the gut is the 
variability in the composition of the flora, both 
quantitatively and qualitatively, over the long axis 
and cross-sectional axis of the gastrointestinal tract. 
Therefore, faecal samples may have limited value 
in monitoring the enteric ecosystem. Evidence from 
culture-independent methods suggests that mucosa- 
associated bacteria differ from those recovered from 
faeces and supports the idea that host-related factors 
have a role in determining the enteric flora [44]. 

The variability in the composition of the flora 
throughout the alimentary tract also undermines the 
naive assumption that any given strategy for ther- 
apeutic manipulation of the enteric flora will be 
equally effective for diseases that variably affect dif- 
ferent parts of either the small or large bowel. It 
follows that depending on the topographic distribu- 
tion of the lesions in Crohn's disease, a single pro- 
biotic may not be equally suited to different subsets 
of patients. 

Single strains or combinations 

One strategy to accommodate different clinical in- 
dications and individual variations in composition 
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of enteric flora is the use of combinations of pro- 
biotic strains. However, as with all combinations 
of therapies, the activities of the individual compo- 
nents require definition and optimisation before the 
combination can be routinely recommended. It is 
also difficult to see how pro-biotic mechanisms of 
action will be defined if combinations of different 
strains are used. In this respect, proponents of pro- 
biotic therapy should not abandon traditional prin- 
ciples of therapeutics and need to retain the same 
scientific rigour that is applied to drug therapy. In 
addition, the use of cocktails of bacteria assumes 
that the constituents are not mutually antagonistic. 
It appears that this is not a valid assumption [45 and 
unpublished]. 

From theory to practice - the evidence for efficacy 

Meta-analyses and a favourable Cochrane review 
have confirmed the efficacy of pro-biotics in the set- 
ting of enteric infections [5-7]. In patients with in- 
flammatory bowel disease, pouchitis appears to be 
the subset well suited to pro-biotic therapy [8, 9]. 
Whether other forms of the disease are equally re- 
sponsive is much less certain. The outcome of the 



PROGID-controlled trial of maintenance of remis- 
sion with pro-biotics funded by the European com- 
mission is pending. Results from completed small 
studies to date are inconclusive, but there appear to 
be subsets of patients who might benefit from this 
from of therapy (Tables n.1-11.3) [46-48, 50-60]. 

From bugs to drugs 

The potential to substitute molecules for microbes 
will become a reality once the mechanism of ac- 
tion of pro-biotics is clarified. As alluded to earlier, 
current knowledge of the molecular basis of host- 
flora interactions and pro-biotic-host dialogue has 
shown the need to move discussions of pro-biotic 
mechanisms beyond simplistic concepts of replac- 
ing 'bad bugs' with 'good bugs'. Pro-biotic ther- 
apy is more complex than manipulating the host 
flora. Rather, it is a question of influencing host- 
flora signalling. In this context, bacterial metabolites 
such as anti-microbial peptides (bacteriocins), anti- 
inflammatory or anti-cancer factors such as conju- 
gated linoleic acid (CLA) and nucleic acids (bacterial 
CpG DNA), may underpin certain pro-biotic actions 
in different circumstances [12]. 



Table 11.1 Summary of human trials of pro-biotic therapy in ulcerative colitis. (N = number of subjects in trial). 



Study type 



Organism used 



Trial outcome 



Reference 



Randomised controlled 
trial 



Randomised, controlled 

trial 
Open labelled trial 

Randomised controlled 
trial 

Open labelled trial 



E. coli strain (Nissle 1917) 
N= 120 



E. coli strain (Nissle 1917) 

N= 116 
VSL# 3 N = 20 

E. coli strain (Nissle 1917) 

N= 327 

S. boulardii N= 25 



Patients with active 
colitis demonstrated 
similar relapse rates 
compared to patients 
on mesalazine 

Confirmed result from 
Kruis et al., 1997 

Maintenance of 

remission in patients 

Remission maintained 
in patients receiving 
pro-biotic 

Treatment given in 
combination with 
mesalamine for 
relapse of ulcerative 
colitis. Remission 
achieved in 17 
patients 



Kruis et al, 1997 [46] 



Rembacken et al., 1999 

[47] 
Venturi et al., 1999 [48] 

Kruis et al., 2004 [49] 



Guslandi et al., 2003 
[50] 
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Table 11.2 Summary of human trials of pro-biotic therapy in pouchitis. 



Study type 



Organism used 



Trial outcome 



Reference 



Open labelled trial 



Randomised 
controlled trial 



Randomised 
controlled trial 



Pre-biotic 

fructooligosaccharide 

and pro-biotic 

N= 10 
VSL# 3 N = 40 



Randomised VSL#3 N = 40 

controlled trial 



VSL# 3 (6g) N= 36 



Effective in inducing remission in 
combination with antibiotic 



Maintenance of remission in chronic 
pouchitis after antibiotic-induced 
remission 15% relapse rate compared 
with 100% in control group 

Prevention of acute pouchitis in patients 
after ileo-anal pouch surgery 10% 
pouchitis rate in pro-biotic group 
compared with 40% in control group 

Maintenance of remission in recurrent or 
refractory pouchitis after antibiotic 
induced remission 85% remained in 
remission at 1 year, compared with 6% 
in placebo group 



Friedman and 

George, 2000 [51] 



Gionchetti et al., 
2000 [52] 



Gionchetti et al., 
2003 [8] 



Mimura et al., 2004 
[9] 



N = number of subjects in trial. 



Table 11.3 Summary of human trials of pro-biotic therapy in Crohn's disease. 



Study type 



Organism used 



Trial outcome 



Reference 



Randomised 

controlled trial 
Open labelled trial 

Randomised 
controlled trial 

Open labelled trial 

Randomised 
controlled trial 



Randomised 
controlled trial 



Open labelled trial 

Randomised 
controlled trial 



S. boulardii N = 20 

Lactobacillus GG 

N= 14 
E. coli strain Nissle 

1917 N= 28 

Lactobacillus GG in 

children N = 4 
VSL#3 with antibiotic 

N= 40 



S. boulardii N = 32 



L. salivarius 118 

N= 25 
L. rhamnosus GG 

N= 45 



Decrease in CDAI in pro-biotic group 
Increase in gut IgA response 

Remission achieved in patients on 

pro-biotics and steroids greater than 

with steroids alone 
Improved intestinal permeability and 

CDAI 
Patients with CD had 20% remission 

when given antibiotic and VSL#3 

compared to 40% in 

mesalamine-treated group 
Maintenance of remission in treatment 

group superior as relapse observed in 

6.25% of patients receiving pro-biotic 

plus mesalasine compared to 37.5% 

on mesalamine alone 
Reduction of mean CDAI and induction 

of IgA in patients with relapse 
No difference seen in rate of recurrence 1 

year after surgery between group given 

pro-biotic or control 



Plein and Holz, 1993 

[53] 
Malin et al., 1996 

[54] 
Malchow, 1997 [55] 



Gupta et al., 2000 

[56] 
Campieri et al., 2000 

[57] 



Guslandi et al., 
2000 [58] 



McCarthy et al., 

2001 [59] 
Prantrera et al., 

2002 [60] 



N = number of subjects in trial, CDAI — Crohn's disease activity index. 
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Turbo pro-biotics 

Even if naturally occurring organisms have insuf- 
ficient efficacy in inflammatory bowel disease, the 
use of engineered pro-biotics or food-grade bacteria 
to deliver anti-inflammatory molecules to the site of 
intestinal lesions is a realistic proposition [61]. Ad- 
vantages of this strategy include avoidance of sys- 
temic toxicity, lower production costs, convenience, 
wider scope of indications and perhaps more con- 
sistent efficacy. Proof of principle has been demon- 
strated with a genetically modified (GM) strain of 
Lactococcus lactis engineered to produce the anti- 
inflammatory cytokine, interleukin-io (IL-io) [62]. 
Remarkably, the GM organism was as effective as 
corticosteroids in a murine model of inflammatory 
bowel disease. Although the best choice of transgene 
for treatment of inflammatory bowel disease in hu- 
mans is uncertain, the delivery of trefoil factors by 
this method is conceptually appealing because it fo- 
cuses more on the healing phase of the disease rather 
than the inflammatory phase [63]. 

The primary safety concern surrounding GM 
organisms relates to the public health risk when 
such organisms are excreted into the environment. 
A clever strategy to address this has been to in- 
sert the therapeutic transgene into the thymidylate 
synthase (thy A) gene locus. Without this enzyme, 
the organism is dependent on thymine or thymi- 
dine in the local micro-environment, but these are 
not readily available within the external environ- 
ment, thereby limiting the viability of the excreted 
GMO. In addition, the transgene would be elimi- 
nated from the bacterial genome if the engineered 
organism re-acquires the thy A gene from the wild- 
type strain [64]. 

Conclusion 

Pro-biotics promise much for clinical medicine. Al- 
though they have a sound rationale in inflammatory 
bowel disease, this therapeutic strategy is still devel- 
opmental. There are substantial gaps in our under- 
standing of host-bacterial interactions within the gut 
and several potential pitfalls to the effective use of 
pro-biotics. Resolution of these problems requires 
better characterisation of individual strains, clarifi- 
cation of mechanisms of action in different settings 



and carefully controlled clinical trials. Responsive- 
ness to different pro-biotics is likely to be as variable 
as that with drug therapy. However, even if naturally 
occurring pro-biotics lack sufficient efficacy for the 
more aggressive forms of inflammatory disease, ge- 
netically modified organisms may be used in the fu- 
ture for delivery of anti-inflammatory drugs. 
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of ulcerative colitis 
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Introduction 

Proctocolectomy with permanent ileostomy is cura- 
tive for ulcerative colitis. Since its introduction 50 
years ago [1-3] subsequent surgical developments 
have been aimed at avoiding a permanent ileostomy. 
Colectomy with ileorectal anastomosis and restora- 
tive proctocolectomy is well accepted but controver- 
sies remain on the relative indications for these pro- 
cedures. In addition, there is some controversy on 
the indications for surgery against continued medi- 
cal treatment and questions relating to technical as- 
pects of the procedures. 



Emergency surgery 

Fulminant colitis 

There is no disagreement that surgery is indicated in 
cases with perforation or megacolon. Most patients 
in this clinical category have acute severe colitis. 
Here new agents such as ciclosporin may induce re- 
missions resulting in fewer operations. Patients may 
not, however, be better served by postponing surgery 
given the low operative mortality of colectomy with 
ileostomy resulting in return to normal health with- 
out medication. There is evidence that patients hav- 
ing a response to ciclosporin have a high incidence 
of early relapse [4]. While the results of surgery are 
submitted to audit, there is no analagous assess- 
ment of patients with extensive colitis being main- 
tained on medical treatment. The indications for re- 
ferral for surgery are at the moment dependent on 
clinical judgement based upon experience, but they 



are not entirely objective owing to variation in the 
approach of gastroenterologists. A new method of 
quality of life assessment taking into consideration 
the patient's life end points would be beneficial in as- 
sessing outcomes of those still under medical care. 
For the patient, loss of employment with its finan- 
cial consequences, the disintegration of social life 
such as loss of partner or psychosocial dysfunction 
of the children are important end points. A system to 
identify these features during medical management 
would be a clinical advance. 

Colectomy with ileostomy 

There is general agreement that colectomy with 
ileostomy and preservation of the rectal stump is 
the procedure of choice. It has a low mortality and 
is effective in most cases. Rarely, persisting disease 
in the rectum is so severe that improvement does 
not occur, and subsequent rectal excision may be 
necessary. 

In cases with massive bleeding the operation 
should be modified if bleeding is from ulceration 
in the rectum. In this case it will be necessary to re- 
move the rectum leaving the anal canal to give the 
patient the chance of a subsequent restorative pro- 
cedure. 



Mucous fistula 

Some debate exists as to whether the rectosigmoid 
stump should be exteriorised as a mucous fistula 
or whether it should be closed and returned to the 
abdomen. There are no prospective clinical trials 
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comparing these options. Retrospective reviews 
have indicated that closure of the rectal stump is safe 
[5]. These authors reported 147 consecutive acute 
colectomies for ulcerative colitis with a mortality of 
3%; none related to the rectal stump and only 2% 
of the total had a pelvic abscess related to leakage 
of the stump. 

A mucous fistula is often troublesome to the 
patient and can be more of a problem than the 
ileostomy itself. On the other hand, it is safe espe- 
cially in an ill patient with malnutrition on high-dose 
steroid medication in whom the rectal wall may be 
oedematous and fragile. 

Although the matter remains a question of clin- 
ical judgement with the emphasis on safety, a com- 
promise has been proposed whereby the stump is 
closed but brought to a position just under the ab- 
dominal wound. If leakage occurs then this should 
discharge through the wound [6]. 

Length of rectosigmoid stump 

Some surgeons aim to remove as much of the rec- 
tum as possible, dividing the stump at the level of 
pelvic peritoneum. This should be avoided unless 
it has been necessary to remove the rectum to stop 
bleeding. It will prejudice the functional result of a 
subsequent ileorectal anastomosis, and where a rec- 
tal excision with or without ileoanal anastomosis is 
to be undertaken, it can be difficult to find the rectal 
stump. A long rectosigmoid stump whether exteri- 
orised as a mucous fistula or not should be aimed for 
routinely. On subsequent re-operation, the rectum is 
easy to locate. 

Elective surgery 

The indications for surgery include failed medical 
treatment, retardation of growth in children and 
neoplastic transformation. Failed medical treatment 
is difficult to define but the general indications can 
be grouped as follows: chronic ill health, recur- 
rent acute exacerbations, severe symptoms, steroid 
dependence and extra-intestinal manifestations. In 
many cases these overlap and, furthermore, there 
is varying opinion as to when medical treatment 
should be stopped and surgery undertaken. 



There are no generally accepted guidelines but 
the frequency of hospital admissions, loss of time 
from work, family stresses, other social factors, 
severity of symptoms, anaemia, poor energy level 
and evidence of malnutrition must all be taken into 
account. Bone densitometry allows an objective as- 
sessment of the degree of osteoporosis. The recom- 
mendation for surgery is also heavily influenced by 
the patient's wishes. 

Most studies have shown an increasing cancer 
incidence with time in patients with extensive ulcer- 
ative colitis. Colonoscopic cancer surveillance with 
multiple biopsies to identify patients before invasion 
has occurred can sometimes fail. Carcinoma devel- 
oped in 13 (7%) of 186 patients with extensive ul- 
cerative colitis followed for over 10 years. Of the 
16 carcinomas in the 13 patients, n were Dukes' 
stage A, 3 stage B, 1 stage C, and 1 was inoperable 
[7]. The presence of low-grade dysplasia is almost 
as likely as high-grade dysplasia (54% vs 67%) to 
be associated with the presence of an already es- 
tablished malignancy [8]. There are difficulties in 
defining dysplasia [9], but based on the application 
of colectomy for low-grade dysplasia a cost-effective 
surveillance programme can be devised [10]. 

Choice of operation 

The operations available for elective surgery in- 
clude proctocolectomy, colectomy with ileorectal 
anastomosis, and restorative proctocolectomy with 
ileoanal anastomosis. Each includes a total colec- 
tomy, as it has been found that partial colectomy 
results in a high incidence of recurrent colitis in the 
remaining colon. 

The introduction of restorative proctocolectomy 
(RPC) has reduced the use of conventional proc- 
tocolectomy. Of 422 patients with ulcerative coli- 
tis operated on at one hospital between 1976 and 
1990, 316 underwent elective surgery. During this 
period conventional proctocolectomy fell from 60 to 
21 % and restorative proctocolectomy rose from 7 to 
52%. The proportion of patients undergoing colec- 
tomy with ileorectal anastomosis fell from 28% in 
the first 5 years to 11% in the last 5-year period. 
In 70 patients who had elective surgery after an 
initial emergency colectomy, only 10 (14%) had a 
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colectomy with ileorectal anastomosis with the ma- 
jority undergoing restorative proctocolectomy [11]. 

Colectomy with ileorectal anastomosis 

Colectomy with ileorectal anastomosis is a compro- 
mise whereby persisting disease in the rectum is ac- 
cepted in order to avoid a stoma. Poor function ow- 
ing to continuing inflammation or the occurrence of 
neoplastic transformation has resulted in a signif- 
icant failure rate ranging from 10% to more than 
30% [12-14]. 

Suitability for ileorectal anastomosis depends 
upon the rectum maintaining its function as a ca- 
pacitance organ. Thus, there should be only mini- 
mal or moderate disease and it should be expansile. 
Contrast radiology and balloon volumetry may be 
helpful in assessing capacitance. The anal sphincter 
must be adequate and there must be no evidence 
of dysplasia or carcinoma within the large bowel 
unless the patient already has established distant 
metastases in which case the operation may be the 
best option provided adequate local clearance of 
the carcinoma is possible. Colectomy with ileorec- 
tal anastomosis has the great advantage of being a 
low-morbidity procedure from which the patient is 
likely to make a rapid recovery. In elective cases it is 
not usual to defunction the anastomosis. 

Suitable patients must, however, accept the need 
for regular indefinite follow-up by endoscopy and 
biopsy at least yearly. The long-term risk of can- 
cer developing in the rectum has been shown to be 
around 6% in 20 years and 15% in 30 years [15]. 

Except for patients with disseminated disease, 
few patients now are suitable for this operation fol- 
lowing the introduction of restorative proctocolec- 
tomy (RPC). There is, however, a case for consider- 
ing it in patients with indeterminate colitis in whom 
it is not possible to distinguish between Crohn's 
disease and ulcerative colitis where the rectum is 
not grossly inflamed. These will be candidates for 
ileorectal anastomosis provided no anal disease is 
present and the rectum has adequate capacitance. 

Conventional or restorative proctocolectomy? 

Restorative proctocolectomy is an alternative to 
conventional proctocolectomy and not to colectomy 



with ileorectal anastomosis. It has a higher com- 
plication rate. Failure in the first year ranges from 
5 to 10% [16-18] with an increasing failure rate 
with time of around 10-15% at 10-15 years [19, 
20]. In contrast, conventional proctocolectomy is 
less liable to complications and is curative with 
no pouchitis and no activity-related extra-intestinal 
manifestations. Its disadvantages, however, include 
the permanent ileostomy and the cumulative inci- 
dence of ileostomy complications requiring subse- 
quent surgery. Furthermore, perineal wound heal- 
ing may be delayed in as many as 25 % of cases at 6 
months. 

Avoidance of a permanent ileostomy is the only 
indication for restorative proctocolectomy. Quality 
of life comparisons of patients with a permanent 
ileostomy and those after restorative proctocolec- 
tomy are not strictly valid because different clinical 
groups are being compared [21, 22], although they 
give useful information on general satisfaction lev- 
els. These and other assessments [23] demonstrate 
that the over-riding view of patients is positive. Even 
those who have experienced failure may feel that the 
attempt was worthwhile, enabling them to accept a 
permanent ileostomy more easily. 

Age. It has been suggested that older patients 
should not have a restorative proctocolectomy be- 
cause of a perception of poor functional results and 
changes seen in anal physiology [24]. Of 392 pa- 
tients with ulcerative colitis undergoing restorative 
proctocolectomy with mucosectomy and hand-sewn 
ileoanal, 326 were aged 5-49 years and 66 were 
aged 50-74 years. There was no difference in com- 
plications, duration of hospital stay or function. 
Continence rates were 81.6 and 80% and the mean 
frequency of defaecation per 24 h was 6.3 ±0.2 
and 7.4 ± 0.5 [25]. Similar findings were recorded 
by Lewis et al. [26] and Takao et al. [27]. Oth- 
ers, however, have found the functional outcome 
poorer and some complications higher in patients 
older than 5 5 years [28] but these authors concluded 
nevertheless that restorative proctocolectomy can 
be safely performed in the older age group with 
acceptable results. Age-related changes are not in- 
evitable and the rate of deterioration of anorectal 
function varies between individuals. It would seem 
that with careful consideration of the whole patient 
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(including such factors as mobility) it is reasonable 
to perform restorative proctocolectomy in selected 
patients over 50 years. 

Contraindications to restorative 
proctocolectomy 

Crohn's disease. Approximately 2-5 % of patients 
in reported surgical series of RPC have subsequently 
been catergorised as having Crohn's disease in the 
mistaken belief that ulcerative colitis was the di- 
agnosis. Their outcome has been poor with fail- 
ure rates ranging from 30 to 100% [29, 30]. Pa- 
nis et al. [31], however, have reported a series of 
31 selected patients with Crohn's disease deliber- 
ately treated by restorative proctocolectomy. Over a 
follow-up period of 9-72 months; only two required 
removal of the pouch, three developed a pouch fis- 
tula and two developed recurrent Crohn's disease. 
The intermediate-term outcome in the 29 patients 
with an intact pouch at the time of assessment was 
satisfactory. At 5 -year follow-up there were no sig- 
nificant functional differences between patients with 
Crohn's disease and ulcerative colitis. These results 
have been updated by Regimbeau et al. [32] in 
a larger series of 113 patients with a failure rate 
of 7%. 

In the series of Panis et al. and Regimbeau et al., 
the patients had small bowel and anal sparing with 
rectal involvement [31, 32]. This distribution is in- 
frequent in clinical practice and it is possible that 
some of these cases had indeterminate colitis. It has 
been argued that RPC and colectomy and ileorectal 
anastomosis for Crohn's disease are analogous [33], 
but given the high failure rate after the former with 
the resulting need to remove at least 40 cm of small 
bowel, most surgeons would regard Crohn's disease 
as a contraindication. 

Indeterminate colitis. The term indeterminate col- 
itis was introduced by Price to describe operation 
specimens from patients with inflammatory bowel 
disease in which the histological appearances were 
typical neither of ulcerative colitis nor Crohn's dis- 
ease [34]. Ten to fifteen per cent of resection speci- 
mens fall into this category, and the dilemma usually 
arises where the colon has been removed as an emer- 
gency during an acute phase of the disease. Thus, of 



the 30 operative specimens in Price's series, 27 were 
from patients with severe acute colitis often with 
megacolon. In another study, histology alone made 
the final diagnosis of Crohn's disease or ulcerative 
colitis in 58 (87%) of 67 acute cases [35]. 

Of 25 patients with indeterminate colitis under- 
going restorative proctocolectomy, 8% failed at a 
mean follow-up of 3 5 months following closure of 
the ileostomy. The pelvic sepsis rate was 8%, and 
occurrence of pouchitis 8% [36]. These rates did 
not differ from the outcome in the 489 patients 
with undisputed ulcerative colitis treated during the 
same period. Thus, it appeared that in the short- 
term at least indeterminate colitis did not confer 
a worse prognosis than ulcerative colitis. More re- 
cently, however, in a series of 175 patients including 
158 with ulcerative colitis and 16 with indetermi- 
nate colitis the respective failure rates, 5 and 19% 
[37] and these rates are very similar to those re- 
ported from the Mayo Clinic [38] and St Mark's 
Hospital [39] of 10 and 16.5%. Indeterminate col- 
itis should not therefore be a contraindication to 
the procedure but it is clearly important to iden- 
tify those cases inclining towards ulcerative colitis 
rather than Crohn's disease. Thus the considera- 
tion of clinical and radiological features should be 
taken into account along with histopathology to as- 
sess anal and small bowel involvement that may en- 
able some patients to be categorised confidently as 
Crohn's disease or inclining towards that diagnosis 
[40]. Patients with indeterminant colitis should be 
offered RPC if they so wish with the understanding 
that the failure rate is marginally but significantly 
greater than for patients with unequivocal ulcerative 
colitis. 

Cancer. Patients with disseminated disease are not 
candidates for restorative proctocolectomy owing 
to the duration of the treatment and the possible 
complications that are increased in the palliative 
case. For those with non-disseminated carcinoma 
the indication should be based on the same criteria 
used for non-colitis-associated carcinoma particu- 
larly of the rectum. In 27 patients there were 3 can- 
cer deaths over a mean follow-up of 4.3 ± 2.6 years 
indicating that the operation was justified if per- 
formed with curative intent and adequate resection 
margins [41]. 



i 5 8 CHAPTER 12 



Sclerosing cholangitis. Penna et al. [42] followed 
patients with and without sclerosing cholangitis af- 
ter restorative proctocolectomy. Over a 5 -year pe- 
riod the respective incidences of pouchitis were 61 
and 36%. Although pouchitis in this study was not 
confirmed histologically in all cases, the same diag- 
nostic criteria were applied to both groups and it is 
reasonable to conclude that patients with sclerosing 
cholangitis should be discouraged from having the 
operation. There is some evidence that these patients 
may be at a higher risk of developing dysplasia in 
the pouch [43]. 

Female fertility 

Olsen et al. [44] followed a cohort of female patients 
with ulcerative colitis of child-bearing age from be- 
fore the onset of the disease through to the develop- 
ment of colitis and finally after surgery. They studied 
fecundability, which is an index of fertility combined 
with the individual's desire or intention to have a 
child. When compared to the normal population, 
fecundibility in the cohort was no different before 
and after the development of ulcerative colitis, but it 
fell by over 50% after RPC. There was conversely an 
increased rate of pregnancy resulting from in vitro 
fertilisation in the pouch patients. Subsequent com- 
parison with patients with familial adenomatous 
polyposis (FAP) having colectomy with ileo-rectal 
anastomosis and RPC [45] demonstrated that there 
was no reduction in fecundability after colectomy 
alone and also that the fall after RPC was greater in 
the ulcerative colitis than in the FAP patients. There 
appear therefore to be at least two factors reducing 
fertility including pelvic dissection and the disease 
itself. Others have also shown a similar effect on 
female fertility after pouch surgery [46, 47]. 

This has important consequences not only for 
the patient wishing to have children, but also po- 
tentially for the health care provider for medico- 
legal reasons. It is essential that all female patients 
of child-bearing age are counselled about fertility 
and that the consultation is recorded in the case 
notes. The discussion should lead to two broad man- 
agement options for the patient to decide upon be- 
cause surgery is necessary owing to the severity of 
the disease. A colectomy with ileostomy and preser- 



vation of the rectal stump will restore the patient 
to health enabling her to have children with no 
diminution in fertility. A restorative operation can 
then be deferred indefinitely to a convenient time 
for the patient. Alternatively, the patient may pre- 
fer to proceed directly to RPC (via an initial colec- 
tomy if the disease is severe) accepting the lowered 
fertility. 



Technical aspects of surgery 

Rectal dissection 

This applies to patients having both conventional 
and restorative proctocolectomy. There are two 
technical options including a formal mobilisation 
of the rectum in the anatomical plane between the 
presacral fascia and the fascia propria of the rectum 
and a perimuscular or close rectal dissection. In the 
former case, the mesorectum is removed, in the latter 
it is left behind. The important difference between 
the two techniques lies in the relative potential for 
damaging pelvic nerves. A perimuscular dissection 
avoids this. 

In patients with dysplasia or an already estab- 
lished carcinoma in any part of the large bowel, a 
mesorectal dissection should be carried out. The ac- 
tual state of the rectal mucosa is only known on 
histopathological examination of the resected spec- 
imen. Thus, a patient with dysplasia in the colon 
as identified by endoscopic biopsy pre-operatively 
may well have dysplasia or even invasive carcinoma 
in the rectum when the histopathologist comes to 
examine the specimen. 

Most patients undergoing surgery for ulcera- 
tive colitis do not have dysplasia. There are no 
prospective randomised trials in these cases compar- 
ing mesorectal dissection with perimuscular dissec- 
tion. Mesorectal dissection is easier but there is an 
incidence of sexual dysfunction, although this is low, 
for example below 2% [48]. Perimuscular dissection 
technically is less easy because it does not follow an 
anatomical plane posteriorly. The mesorectum is left 
within the patient and thus the dead space in the 
pelvis after rectal excision is minimised. Very low 
rates of sexual dysfunction from zero to a few per 
cent have been reported [49, 50]. 
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Whatever technique is adopted, there is little 
controversy that the dissection should be kept close 
to the rectal wall in the region of the lateral liga- 
ments where the autonomic pelvic nerve plexus is 
most at risk. Identification and preservation of the 
presacral nerves should be made as they enter the 
pelvis and Denonvilliers' fascia should be divided in 
its upper part to reduce the chance of damage to the 
prostatic nerve plexus. 

During conventional proctectomy there is gen- 
eral agreement that removal of the anal canal should 
be performed through the inter-sphincteric plane 
whether or not a perimuscular or mesorectal dis- 
section has been carried out. 

Pouch design 

The triplicated loop S-pouch described by Parks 
etal. [51] resulted in a short distal ileal segment that 
was joined to the anal canal. Early reports [51] indi- 
cated that around 50% of patients could not evacu- 
ate spontaneously needing to use a catheter to do so 
although others reported lower rates [52]. Loss of 
spontaneous evacuation was therefore a significant 
disadvantage of the S-reservoir. Using evacuation 
proctography, Pescatori et al. [53] showed this was 
due to the distal ileal segment causing impedance to 
evacuation. Using a distal ileal segment of 2 cm or 
less, catheterisation rates fell to about 10% [52, 54, 
55]. Revision of the pouch with removal of the dis- 
tal ileal segment restored spontaneous evacuation in 
six out of eight patients [56]. 

The two-loop J-reservoir directly anastomosed 
to the anal canal [57] resulted in spontaneous evac- 
uation in almost all cases as does the four loop 
W-reservoir [58]. The only present indication for 
employing an 'S' reservoir is in the uncommon situ- 
ation where mobility of the reservoir to descend to 
the anal canal is only possible with this design. 

Pouch volume is an important determinant of 
frequency of defaecation. Heppell et al. [59] had 
shown that there was an inverse relationship be- 
tween frequency and capacitance of the neorectum 
in patients having a straight ileoanal reconstruc- 
tion. The same relationship was subsequently de- 
scribed for the ileoanal reservoir [60] and also for 
the coloanal reservoir [61]. A comparison of three 



reservoir designs showed that frequency of defae- 
cation was not significantly different for 'S' and 
'W reservoirs but was greater in patients having a 
J-reservoir. Spontaneous evacuation was much more 
likely with a J and W than with an S design and 
the need for anti-diarrhoeal medication was signifi- 
cantly higher for J (58%) than for S or W (20%) 
[60]. The volume of pouch distension at which 
large amplitude propulsive waves appeared corre- 
lated closely with stool frequency [62]. In a ran- 
domised study a larger J pouch (limb length 20 cm) 
had a similar frequency to the S reservoir again in- 
dicating the importance of capacitance [63]. 

Capacitance increases with time [60, 64]. A ran- 
domised comparison between J and a modified Kock 
(K) pouch showed that the latter attained a greater 
volume during the first year with a lower frequency 
of defaecation [64, 65]. A manovolumetric study of 
the J, K and S pouches at 1 year showed that the S 
and K designs had greater capacitance [66]. 

The data indicate that a larger pouch should be 
constructed for optimal long-term frequency. The 
ease with which the J reservoir can be constructed 
using linear stapling devices makes it the most popu- 
lar design but the W reservoir has the greater capac- 
itance. This and the J share the advantage over the 
S of not having a distal ileal segment with the dis- 
advantage of non-spontaneous evacuation in some 
cases. 



Mucosectomy 

The original operation was based on the concept 
that all disease-prone mucosa should be removed 
including not only the colon and rectum but also the 
columnar epithelium of the anal canal. This required 
a manual ileoanal anastomosis after mucosectomy. 
Subsequently stapling at the anorectal junction was 
claimed to result in improved function [67] possibly 
due to preservation of sensory receptors within the 
anal canal. It was equally possible, however, that this 
was due to internal sphincter damage during manual 
anastomosis resulting from the anal dilatation. 

Randomised prospective trials have shown, 
however, no difference in functional outcome af- 
ter stapled or manual ileoanal anastomosis with 
mucosectomy [68, 69]. Complications were not 
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significantly different, and frequency, urgency and 
continence were similar. In another trial there was a 
significant diminution in anal sensation after man- 
ual anastomosis, although this was not reflected in 
worse function [70]. Although resting anal tone was 
reduced in most cases after manual anastomosis, it 
was also reduced following stapled anastomosis in 
about 50% of cases [68]. 

The disadvantage of stapled anastomosis is the 
possibility of leaving diseased mucosa in the up- 
per anal canal and in some cases the rectum. This 
can result in persisting symptoms of proctitis [71] 
as well as a continuing risk of carcinoma [72, 73]. 
The anal transitional zone is the area between the 
squamous epithelium at the dentate line and the 
columnar epithelium of the proximal large bowel 
[74]. Thompson-Fawcett and Mortensen [75] have 
shown that its longitudinal length is variable and it 
may even be absent. It is difficult therefore to predict 
the correct level of the anastomosis in the individual 
case. In patients having a stapled anastomosis subse- 
quent development of dysplasia in the anal mucosa 
was reported to occur in 3 % of patients over an av- 
erage of 16 months of follow up [48], a rate which, 
if continued, would be considerable over 20 years. 

Unresected inflamed anorectal mucosa may re- 
sult in persisting symptoms including bleeding, 
burning and urgency. This occurred in 15-20% of 
patients undergoing stapled anastomosis [71, 76]. 
Furthermore, some of these patients suffer from 
inadequate emptying with the frequent passage of 
small volumes of stool. Symptoms may be so severe 
that major surgical revision is necessary involving 
removal of the rectal stump with ileoanal anastomo- 
sis after mucosectomy. Successful outcome of such 
salvage surgery is about 70%, being lower than if 
an adequate operation had been performed on the 
first occasion [77, 78]. 

Adequate mobility of the pouch to descend to 
the anus without tension is essential. If despite using 
manoeuvres to maximise the length of the mesen- 
tery there is still the possibility of tension, a stapled 
anastomosis is preferable. Equally, there are cases 
where a manual anastomosis is obligatory, for ex- 
ample when the stapler fails or where the anorectal 
stump is too short for stapling owing to previous 
surgery. 



The surgeon must be capable of using either tech- 
nique but where stapling is used the anastomosis 
should be at the correct level to avoid leaving in- 
flamed mucosa behind. Mucosectomy with manual 
anastomosis should be used in cases with carcinoma 
or dysplasia elsewhere in the large bowel. There is 
no evidence that function is different after either 
method as judged from prospective randomised tri- 
als [65, 68, 79]. 

The number of stages 

Some patients will have had an initial colectomy and 
others a restorative proctocolectomy as the first pro- 
cedure. Because clinical factors in the individual pa- 
tient determine the choice (see above), a prospective 
trial to determine which of these approaches is bet- 
ter is not possible. In a retrospective comparison of 
patients after either approach there was no differ- 
ence in the complication rate or function [80]. 

The need for a defunctioning ileostomy has been 
questioned since the 1980s. Of 60 patients reported 
by Everett and Pollard [81], 20 had no ileostomy, 
of which a defunctioning ileostomy was required in 
the immediate post-operative period in two cases. In 
a similar experience, 3 out of 16 patients required a 
subsequent ileostomy, which was permanent in one 
[82]. In a randomised trial of 45 patients with (n = 
23) and without (n = 22) an ileostomy there was 
no difference in leak rate (one in each group) nor 
any other complication. Overall hospital stay was 
greater in patients with (23 days (range i3-75))than 
without (13 days (range 7-119)) [83]. In contrast in 
71 patients having a one-stage and 87 a two-stage 
operation, respective anastomotic leak rates were 7 
and 18% [54]. Patients having a temporary defunc- 
tioning ileostomy are at risk of complications due to 
the stoma amounting to around 25% of cases. 

As restorative proctocolectomy is an alternative 
to conventional proctocolectomy with permanent 
ileostomy and not to the normal state, it is very use- 
ful for the patient to have experienced an ileostomy 
at some stage during treatment. The surgeon has to 
balance the advantage of a one-stage procedure re- 
sulting in shorter recovery in 80-85% °f patients 
against the disadvantage of faecal peritonitis and 
re-operation in the minority. A two-stage procedure 
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has the disadvantage of longer treatment time with 
complications due to the stoma set against the ad- 
vantage of avoidance of severe faecal sepsis. 

Laparoscopic surgery 

In expert hands both laparoscopic colectomy and 
restorative proctocolectomy are feasible [84-87]. 
Most published series have reported a laparoscopic- 
assisted approach, with a small Pfannensteil incision 
used for pevic dissection, transection of the anorec- 
tal junction and specimen retrieval. An alternative 
approach is performing both the colectomy and 
the pelvic dissection laparoscopically with a small 
midline incision used for specimen retrieval and 
pouch construction. The midline incision is closed 
and stapled pouch-anal anastomosis performed fol- 
lowing reintroduction of pneumoperitoneum [87]. 
These procedures are technically demanding, requir- 
ing laparoscopic access to all quadrants of the ab- 
domen and there is a significant learning curve. For 
these reasons surgeons have been slower to take 
up laparoscopic surgery for colitis than segmental 
colectomy for other indications. Operating times 
of up to seven and three-quarter hours have been 
reported [87]. There are technical difficulties with 
cross-stapling the anorectal junction due to difficult 
access. There are also some concerns that laparo- 
scopic rectal dissection may result in a higher rate 
of pelvic nerve injury than its open equivalent [88]. 
The only published randomised-controlled trial to 
date compared hand-assisted laparoscopic restora- 
tive proctocolectomy with open surgery in 60 pa- 
tients. In this study there was no significant differ- 
ence in length of stay (median stay of 10 and 1 1 days 
respectively) or morbidity between the two groups 
[89]. 

Salvage surgery for the failing pouch 

Pouch failure (defined as pouch excision or indef- 
inite proximal diversion) continues progressively 
with time. At 10 years, approximately 10% of pa- 
tients will have either had the pouch excised or in- 
definitely defunctioned by an ileostomy [38, 39], 
Quantification of the risk of failure based on pre- 
operative and intra-operative variables is already 



sufficiently refined to be useful in clinical practice 
as a predictor of failure [90]. 

The causes of failure include sepsis accounting 
for more than 50% of cases, poor function in 30% 
and pouchitis in 10% [39]. In some patients failure 
when imminent may be avoided by salvage surgery. 
This can be either abdominal when remodelling or 
advancement of the pouch is required or perineal 
when trying to close a low pouch-vaginal fistula. 

There is controversy on the effectiveness of 
abdominal salvage for sepsis due to chronic ab- 
scess formation in the pelvis. Fazio et al. [91] re- 
ported success defined as avoidance of a permanent 
ileostomy in 22 of 24 patients undergoing abdomi- 
nal salvage for sepsis after RPC for ulcerative colitis. 
Although some patients had poor function, the ma- 
jority felt the procedure to have been worthwhile. 
Cohen et al. [92] had had a similar good experi- 
ence but others in contrast reported disappointing 
results with success in between 40 and 50% [30, 
78, 93, 94]. One factor for this difference is the 
length of follow-up from the salvage procedure, be- 
cause failure continues at a rate of about 30% over 
5 years [30, 78, 94]. Furthermore the results of sal- 
vage surgery for a septic indication are worse than 
for a non-septic indication by about 20-30% [78, 
94, 95]. Thus the evidence to date suggests that 
abdominal salvage for sepsis should be used with 
caution and applied to specific clinico-pathological 
situations such as leakage from the stapled end of a 
J-pouch or where pouch advancement to a level well 
below the sepsis or fistula is possible in cases, for 
example, with a long retained rectal stump. There 
is less chance of success when the sepsis is low in 
the pelvis such that it will be adjacent to the new 
ileo-anal anastomosis. In these circumstances, sal- 
vage has a prospect of success of around 70%. Pre- 
operative counselling should be carried out with 
care and the patient should know that complica- 
tions are likely and that there is a 30-40% chance 
of failure over a 5-year period. 

Perineal salvage procedures are almost always 
used to attempt closure of a pouch-vaginal fis- 
tula. There is controversy whether an endo-anal or 
trans-vaginal approach should be employed. Sur- 
geon preference is clearly a major factor, because in 
the United States the former is most commonly used, 
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while the latter has been favoured in Europe. There 
appears, however, to be little difference in outcome 
with successful closure reported in about 60% of 
patients using either approach [96, 97]. There have 
been no randomised controlled trials owing to sur- 
geon preference and low patient accrual rates. Nor 
has there been any comparison of function following 
either approach. This could be important, however, 
because the endo-anal approach will result in some 
degree of dilatation of the anal sphincter. 



Follow-up after restorative proctocolectomy 

There is general acceptance that patients should 
be followed-up after RPC. The aims and proto- 
cols of this are controversial, however. Aims include 
the need for the surgeon to know the long-term 
outcome, the necessity for the patient to remain 
in contact with the medical team in the event 
of late complications and functional difficulties, 
the surveillance for possible haematological and 
metabolic disturbance and surveillance for possi- 
ble neoplastic transformation. This last has assumed 
importance in recent years owing to reports of car- 
cinoma of the ileal pouch itself and of the anorec- 
tal mucosa below the ileal pouch anastomosis [98]. 
These authors reviewed 15 reports from the litera- 
ture, although at least one [99] may not have been 
a true development of carcinoma after pouch con- 
struction as the tumour almost certainly was present 
in the rectal stump before the original RPC. 

Although the number of cancers is small con- 
sidering the large number of patients operated on 
world wide, it will certainly increase in the future. 
The risk of cancer in the ileal pouch is low. Of 468 
patients followed for periods ranging from 1 to more 
than 21 years with a median of about 10 years, there 
were four cases of dysplasia and one of carcinoma 
[100-102]. Hulten et al. [103] reported a group of 
patients followed for a median of 30 years after a 
Kock ileostomy of who only three developed dyspla- 
sia and none carcinoma. With regard to the risk in 
the residual anorectal stump, follow-up of 178 pa- 
tients beyond 10 years from RPC identified 8 with 
dysplasia and none with carcinoma [104] and Coull 
et al. [105] observed no case of dysplasia or carci- 
noma in 135 patients followed for 1-12 years. 



Dysplasia is associated with persisting chronic 
inflammation (chronic unremitting pouchitis) in the 
pouch [106] and also in patients with sclerosing 
cholangitis [43]. The presence of these conditions 
is therefore an indication of the need for cancer 
follow-up. Of the patients reviewed by Borjesson 
et al. [98], all had had either dysplasia or an estab- 
lished carcinoma in the original specimen obtained 
by colectomy or RPC. Thus these patients should be 
followed. Although carcinoma has been reported at 
as little as 2 years from RPC, the median interval 
for the few cases of dysplasia to develop has been 
of the order of 10-15 years. A regime for cancer 
follow-up should therefore involve infrequent ex- 
amination in the early years in the high risk groups 
identified above, becoming annual from 10 years on- 
wards. Endoscopy with multiple biopsies from the 
ileal reservoir and the anorectal zone below the dis- 
tal ileal anastomosis is required. The most practical 
protocol has not yet been agreed upon. 
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Introduction 

From the time Donald Peck and Alan Parks de- 
scribed the original operation of restorative proc- 
tocolectomy, ileal pouch anal anastomosis has be- 
come a standard approach for patients requiring 
proctocolectomy for chronic ulcerative colitis. Im- 
portantly, long-term outcomes are good [i], and the 
quality of life improved compared to the previous 
standard operation of Brooke ileostomy [2]. Varia- 
tions in pouch design have been described but ac- 
tual functional differences between pouch designs 
remain unproven. The ideal outcome following ileal 
pouch-anal anastomosis (IPAA) consists of four to 
six semi-formed bowel motions occurring during 
daytime hours with no nocturnal stools, no incon- 
tinence and no necessity for long-term medications. 
Unfortunately, many patients fall short of this ideal, 
and pouch dysfunction remains a major cause of 
morbidity in a subset of patients following ileoanal 
pouch construction. In this chapter we discuss the 
aetiology and treatment of ileoanal pouch dysfunc- 
tion and provide algorithms for approaching the 
evaluation of pouch dysfunction based on present- 
ing symptoms. 

Pouch function is most commonly determined 
by four major factors, i.e. stool frequency, conti- 
nence, ability to defaecate spontaneously and abil- 
ity to defer defaecation. Pouch dysfunction may re- 
sult from increased stool frequency, incontinence 
and fistula formation. Importantly, however, out- 
comes often depend upon patients' expectations and 
what is perceived to be an excellent result for some 
may be less than satisfactory for others. There are 



limited techniques available for objective assessment 
of pouch function but valuable quantifiable infor- 
mation can be gained in some instances by the use of 
anal canal manometry, pouch capacity and compli- 
ance, static contrast pouchography and videopou- 
chography, scintigraphy, pouch endoscopy with mu- 
cosal biopsy and pelvic MRI. 



Pouch dysfunction caused by increased 
stool frequency 

Wide variations in stool frequency are seen between 
patients following restorative proctocolectomy. Al- 
though some of these represent variations in normal 
motility and evacuation, others represent disorders 
of pouch construction, design or a pouch-specific 
complication. The majority of patients will respond 
to hypomotility agents, such as opioid analogues, 
which have been shown to reduce bowel frequency 
by reducing total stool weight [3]. However, it must 
be kept in mind that there are a number of specific 
pouch-related complications that present with in- 
creased stool frequency, and a careful search must 
be made for an underlying cause in patients who are 
refractory to first-line therapy. 



Stool frequency as a function of pouch 
construction 

It has long been debated if larger pouches are asso- 
ciated with lower stool frequency. Hallgren et al. [4] 
compared stool frequency between S and J pouches 
and found the mean stool frequency of the J pouch 
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group to be six motions per 24 h, compared with 
eight stools per day in patients with S pouches. 
In contrast, however, Tuckson and Fazio [5] found 
that mean stool frequency per 24 h was six in pa- 
tients who had a J pouch, compared with four in 
patients who had an S pouch. Similarly, the four- 
limbed W pouch has been shown in some stud- 
ies to be associated with significantly lower stool 
frequency compared with S pouches [6]. Similarly, 
night evacuation has been shown to be higher in 
patients with J pouches (mean nocturnal frequency 
i.z) compared with patients with W pouches whose 
average nocturnal frequency appears to be signifi- 
cantly less [7, 8]. Whichever pouch design is used, it 
appears certain that frequency decreases with time 
as the pouch capacity increases. 

Varying claims have been made comparing hand- 
sewn and stapled pouch-anal anastomoses with 
regard to stool frequency. However, in the four 
prospective randomised studies that have been pub- 
lished to date [9-12.] there has been no significant 
difference between hand-sewn and stapled pouch- 
anal anastomoses with regard to either daytime or 
nocturnal frequency of pouch evacuation. 

Small-bowel motility disorders 

Some patients with increased stool frequency, in 
the absence of any other definable cause, are la- 
belled as suffering from a variant of irritable bowel 
syndrome (IBS). A final consideration in patients 
with ileal pouch dysfunction is IBS, recently dubbed 
the irritable pouch syndrome [13]. This protean 
affliction may become unmasked after colectomy. 
Indeed, patients may experience exactly the same 
symptoms of IBS, as do their unoperated coun- 
terparts. These symptoms include bloating, alter- 
nating watery and formed stools, abdominal pain, 
urgency, frequency and a sense of incomplete evac- 
uation. Medications found to be helpful in patients 
with IBS but without an IPAA, such as amitripty- 
line (low dose) anticholinergics, and stool-bulking 
agents will likewise be helpful to the IPAA pa- 
tient as well. In some patients who have dilated 
pouches and IBS, daily catheter drainage is quite 
helpful. 



A study of small-bowel motility in patients with 
good pouch function, i.e. median bowel frequency 
four per day, compared with patients with poor 
pouch function, i.e. median bowel frequency of 
12 per day, measured small-bowel motility over a 
24-h period [14]. It was found that patients with 
increased stool frequency had a significantly greater 
number of migrating motor complexes in the small 
bowel proximal to the pouch compared to those 
patients with good pouch function. Twenty-four- 
hour stool output appeared similar in both groups 
but the median maximum tolerated volume on 
reservoir distension was significantly lower for pa- 
tients with poor function compared with those with 
good function. Soper et al. [15] documented fur- 
ther that compared to controls, proctocolectomy 
slowed small-bowel transit, but not gastric empty- 
ing. Moreover, compared to patients with Brooke 
ileostomy, patients with an IPAA experienced even 
slower small-bowel transit. 

Specific infections 

Specific infections such as bacterial infections with 
Salmonella, Shigella, Escherichia coli or Campy- 
lobacter are rare. Stool culture for these bacteria, 
in addition to viral titres for specific viruses such as 
cytomegalovirus and the search for Clostridium dif- 
ficile toxins should be performed in the appropriate 
clinical setting. 

Crohn's disease 

Despite certain studies that advocate IPAA as an 
alternative to Brooke ileostomy in selected pa- 
tients with Crohn's disease (without anoperineal 
or small-bowel manifestations) [16], Crohn's dis- 
ease remains a contraindication to IPAA. How- 
ever, as the distinction between ulcerative colitis and 
Crohn's disease of the colon continues to be dif- 
ficult, some patients with Crohn's disease will un- 
dergo IPAA inadvertently. Increased stool frequency 
may be accompanied in these patients by the devel- 
opment of complex fistulae, perianal infection or 
extra-intestinal manifestations. Direct visualisation 
of the pouch with biopsy or contrast radiography of 
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the proximal small bowel may show features sugges- 
tive of Crohn's disease in these patients. Inadvertent 
IPAA for Crohn's disease in these patients is histor- 
ically associated with a high failure rate (45%) [17] 
but an acceptable long-term functional result can 
be achieved through the use of immunosuppressive 
therapy for Crohn's disease if the pouch can be kept 
in situ [18]. 



Pelvic sepsis 

Pelvic sepsis following IPAA will commonly result 
in decreased pouch compliance with a consequent 
increase in stool frequency. The incidence of pelvic 
sepsis in various series has been quoted to be be- 
tween 10 and 30% [19]. However, rates of pelvic 
sepsis have declined steadily, such that currently 
5 % of patients can be expected to have pelvic sep- 
sis post-operatively [20]. This may be due to ei- 
ther an infected pelvic haematoma or a defect in 
the pouch or pouch-anal anastomotic suture or sta- 
ple line. Such an event will lead to pouch excision 
in approximately 5-10% of patients. Moreover, in 
those pouches that survive, the ensuing fibrosis often 
leads to unacceptable functional results. The max- 
imum tolerated volume of such pouches, reflected 
by pouch size, sensitivity, compliance or a combina- 
tion of these, appears to be the major determinant of 
pouch function [21]. A retrospective analysis looked 
at the usefulness of pouchography prior to closure of 
a defunctioning ileostomy in 25 consecutive patients 
following IPAA [2.2]. This group found that the pre- 
dictive value of a negative test is high (89%) and 
found that leak of contrast from the anastomosis is 
a specific (81%), but not sensitive (56%), indicator 
of pelvic sepsis. The use of prophylactic antibiotics 
or pre-operative corticosteroids does not appear to 
influence the incidence of pelvic sepsis, the rate of 
which appears to decrease with increasing experi- 
ence of the operating surgeon. 

Pouchitis 

Pouchitis is defined as an idiopathic inflammation 
of the ileal pouch mucosa. It is the most frequent 
long-term complication following IPAA. The Mayo 



Clinic experience reported the cumulative probabil- 
ity of developing at least one episode of pouchi- 
tis during follow-up as 32% [23]. Stahlberg et al. 
[24] found the incidence of pouchitis was highest 
(23.1%) in the first 6 months after IPAA. The inci- 
dence during the next 6-month period fell to 11.4% 
and was 3.1% thereafter. Nevertheless, the cumu- 
lative risk of developing a first episode of pouch- 
itis increases over time. Recent studies from the 
Mayo Clinic reported that the cumulative risk for 
the first episode of pouchitis at 1, 5 and 10 years fol- 
lowing IPAA is 15, 36 and 46%, respectively [23]. 
Symptoms of pouchitis include increased stool fre- 
quency, rectal bleeding, abdominal cramping, rectal 
urgency and tenesmus, incontinence, fever, malaise 
and occasionally reactivation of extra-intestinal 
manifestations. The definition, however, should in- 
clude endoscopic and histological confirmation of 
acute inflammatory changes. Endoscopic examina- 
tion may show inflammatory changes including mu- 
cosal oedema, granularity, contact bleeding, loss of 
vascular pattern, haemorrhage and ulceration. His- 
tological examination shows acute inflammatory 
changes including neutrophil infiltration and mu- 
cosal ulceration, superimposed on a background 
of chronic inflammation including villous atrophy, 
crypt hyperplasia and chronic inflammatory cell in- 
filtration [25]. It must be stressed that it is acute 
rather than chronic inflammatory changes that are 
diagnostic of pouchitis. In a series from St Mark's 
Hospital [26] 80% of pouches examined showed 
some degree of chronic inflammatory changes but 
only 30% showed acute changes, and symptoms of 
pouchitis correlated only with those showing acute 
inflammation. The pouchitis disease activity index 
(PDAI) is a quantitative 18-point index of pouchi- 
tis including both clinical symptoms and endoscopic 
and histological findings [27]. Active pouchitis us- 
ing this scoring system is defined as a PDAI score 
greater than or equal to 7 points and remission is 
defined as a PDAI score of less than 7 points in a 
patient with a history of pouchitis. 

The implications of pouchitis based on long- 
term functional results after restorative proctocolec- 
tomy have been studied by Hurst et al. [28]. They 
found that patients with a history of pouchitis had 



i/o CHAPTER 13 



significantly more bowel movements per day and 
were more likely to have minor or major inconti- 
nence. Even in the absence of clinically active pou- 
chitis, patients who had suffered at least one episode 
of pouchitis had a poor long-term functional re- 
sult following IPAA. Our experience, however, and 
that of others [29] does not support this conclusion. 
In a study of 291 patients following IPAA, 65 pa- 
tients (22%) were found to have suffered at least one 
episode of pouchitis. These patients were matched 
with a similar number of patients without pouch- 
itis and no difference in long-term stool frequency 
or incontinence was found, thus leading to the con- 
clusion that episodic pouchitis causes minimal func- 
tional consequences in the long term. 

Risk factors and aetiology of pouchitis 

The development of pouchitis appears to occur ex- 
clusively in patients who have an underlying diag- 
nosis of ulcerative colitis with a much lower (if any) 
incidence in patients with familial polyposis. In ad- 
dition, it appears that patients who had total colitis 
rather than distal colitis appear to be more at risk 
of developing pouchitis [30], although other studies 
have not confirmed this association. The theory that 
pre-operative backwash ileitis was responsible for 
the subsequent development of pouchitis was stud- 
ied by Gustavsson et al. [31] who looked at 131 
patients, 20 of whom had developed pouchitis fol- 
lowing IPAA. This correlated with only 2 out of the 
1 5 patients who had been found to have backwash 
ileitis pre-operatively. 

Strong links have been documented between 
patients with extra-intestinal manifestations of in- 
flammatory bowel disease [32] including primary 
sclerosing cholangitis (PSC) and pouchitis, suggest- 
ing a common link in their pathogenesis. PSC is 
present in 5 % of patients with CUC and pouchitis 
has been shown to occur in 63% of these patients 
post-operatively compared with 32% of those with- 
out PSC [23]. Cumulative risk of developing pouch- 
itis in patients with PSC at 1, 2, 5 and 10 years 
post-IPAA was 22, 43, 61 and 79%, respectively, 
compared with 15.5, 22.5, 26 and 45.5%, respec- 
tively, in those without PSC. 



The prevalence of antineutrophil cytoplasmic 
antibodies with perinuclear staining pattern appears 
to be increased in patients with pouchitis compared 
with patients without pouchitis. 

Pouchitis has been shown to respond favourably 
to antibiotic therapy in the majority of cases, and 
bacterial overgrowth in the ileal pouch is therefore 
postulated as a possible cause for pouchitis. Patients 
with IPAA have been shown to have a total stool 
anaerobe and Bacteroides concentrations that are 
higher than ileostomy controls and similar to that 
of the colon. However, there is no evidence that 
the concentration or composition of bacteria flora 
in the pouch differs in patients with and without 
pouchitis. 

Alterations in the luminal concentration of 
short-chain fatty acids (which are the preferred 
source of energy for colonic enterocytes) have also 
been suggested as a cause for pouchitis. However, 
studies, comparing luminal concentrations of short- 
chain fatty acids within ileal reservoirs have been 
inconsistent. Likewise, ileal pouch short chain fatty 
acid concentrations correlate poorly with the devel- 
opment of pouchitis [33]. 

Faecal stasis and inefficient pouch evacuation 
have also been implicated in pouchitis. Emptying ef- 
ficiency, however, does not appear to correlate with 
the occurrence of pouchitis and no differences have 
been found in the frequency of pouchitis among pa- 
tients with J-, S- or W-shaped pouches (which differ 
in volume, compliance and emptying efficiency) [19, 
34]. O'Connell et al. [35] studied reservoir stasis in 
20 patients following IPAA. They found that the en- 
teric bacterial count and the efficiency of ileal pouch 
evacuation were no different in patients with recur- 
rent pouchitis compared to those with good clinical 
outcome. The fact that pouchitis is only seen fol- 
lowing restoration of intestinal continuity when the 
defunctioning ileostomy is closed would appear to 
support the argument that pouchitis occurs only in 
the presence of bacteria. Chronic (but not acute) his- 
tological changes in the pouch mucosa significantly 
increase at 3, 6 and 12 months after ileostomy clo- 
sure [36]. These histological changes do not, how- 
ever, appear to correlate with efficiency of pouch 
emptying, which suggests that these findings result 
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from exposure to the faecal stream rather than fae- 
cal stasis. 



Columnar cuff disorders 

Histological examination of the columnar mucosa 
of the anal transitional zone (ATZ: a better, more ac- 
curate term for which is residual epithelial cuff) has 
shown inflammatory changes similar to those seen in 
the rectal mucosa in patients with ulcerative colitis 
[37]. This area has the potential for dysplasia, neo- 
plasia and continuing inflammation following IPAA 
even when mucosectomy has been performed. 

Inflammation of the epithelial cuff following 
pouch construction can lead to symptoms similar to, 
and sometimes indistinguishable from, pouchitis or 
a flare of colitis. Lavery et al. [38] followed 217 pa- 
tients after restorative proctocolectomy, finding en- 
doscopic and histological evidence of inflammation 
in 22.1%. Symptoms of urgency, pain and bleeding 
were present in 14.7% and 13.8% had associated 
inflammatory changes in the pouch. 

The incidence of dysplasia in the retained 
rectal mucosa following restorative proctocolec- 
tomy is difficult to quantify, depending largely 
on the frequency and aggressiveness of follow-up. 
Examination of 109 rectal 'doughnuts' following 
double-stapled pouch-anal anastomosis for chronic 
ulcerative colitis showed dysplasia in 0.9% [39]. 
Examination of mucosectomy specimens following 
IPAA have shown dysplasia in 7.9% in those who 
had ulcerative colitis for more than 10 years, de- 
creasing to zero in those who had the disease for less 
than 10 years. The risk of dysplasia appears to be 
higher in patients who had dysplasia or cancer (10 
and 25 % ) in the original proctocolectomy specimen. 

The question of follow-up of the cuff has been 
addressed by a number of groups. The Cleveland 
Clinic reported their experience with 254 patients 
who had double-stapled IPAA and who were fol- 
lowed by annual post-operative ATZ biopsies [40]. 
During a mean follow-up of 2.3 years, low-grade 
dysplasia was found in eight patients (3.1%). Repeat 
biopsies confirmed dysplasia in only two of these 
eight patients. Significant correlation was seen be- 
tween dysplasia in the cuff and concurrent dysplasia 



or cancer of the large bowel pre-operatively. There 
was no association with age, sex, duration of dis- 
ease, anastomotic technique or length of rectal cuff. 
Controversy persists as to whether or not these 
patients should be regularly subjected to endoscopic 
and histological surveillance. Reports of a can- 
cer detected histologically in a mucosectomy speci- 
men [41] and in the cuff post-operatively [42] has 
strengthened the case of those who advocate this 
technique in all patients. 

Evacuation disorders 

Disorders of pouch evacuation can be functional 
or mechanical. Functional evacuation disorders are 
poorly understood and may involve alterations in 
pouch motility with or without disorganisation of 
pelvic floor defaecatory mechanisms. Mechanical 
causes of outlet obstruction can be due to a long ef- 
ferent limb of the pouch, a long rectal stump below 
the pouch-anal anastomosis, stricture of the pouch, 
or more commonly stricture of the pouch-anal anas- 
tomosis. 

Long efferent limbs are seen only with the S- 
shaped pouch design. Early S pouches were associ- 
ated with kinking of the efferent limb, which has 
essentially eliminated the use of this pouch design 
[43]. Secondly, the use of double stapling techniques 
in inexperienced hands can leave, in situ, a long 
rectal stump below the anastomosis. Consequently, 
inefficient emptying of the pouch may necessitate 
self-catheterisation. A study comparing 'high' and 
'low' stapled anastomoses followed two groups of 
patients after IPAA [44]. Patients with a short rec- 
tal cuff had a significantly lower resting anal pres- 
sure and absent recto-anal inhibitory reflex. Despite 
this, these patients had significantly better function 
than those with a long rectal cuff, in terms of noc- 
turnal continence and daytime frequency [44]. In 
addition, the potential for dysplastic or neoplastic 
change in the residual rectal mucosa would, theo- 
retically, be directly proportional to the length of 
the rectal stump. 

The most commonly encountered form of me- 
chanical outlet obstruction is stricture. Strictures, 
which form early following pouch construction, are 
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usually at the pouch-anal anastomosis and take the 
form of a very short web-like stricture reducing the 
anastomotic lumen. This is readily dilated at closure 
of the ileostomy and rarely, if ever, recurs. It is es- 
sential therefore that digital rectal examination be 
performed on all patients at the time of closure of 
defunctioning loop ileostomy following restorative 
proctocolectomy. Late stricture formation is a more 
difficult problem. Risk factors include technical dif- 
ficulty at the time of surgery such as tension on the 
anastomosis or post-operative leak or may be due 
to underlying Crohn's disease. Strictures above the 
pouch-anal anastomosis are more likely to be associ- 
ated with an underlying diagnosis of Crohn's disease 
and carry much poorer prognoses. The incidence of 
anastomotic stricturing following IPAA is reported 
between 1 and 8 % [4 5 , 4 6] . Biopsies should be taken 
from recurrent strictures or whenever Crohn's dis- 
ease is suspected. 

Therefore, the full assessment of a patient who 
presents with pouch evacuation difficulties includes 
digital rectal examination, pouch endoscopy, pou- 
chography to delineate the anatomy of the pouch, 
and functional studies such as defaecating pouchog- 
raphy or nuclear scintigraphy emptying studies. 

Pouch dysfunction due to fistula formation 

Fistula formation following restorative proctocolec- 
tomy occurs uncommonly but may have devastat- 
ing consequences and is difficult to treat success- 
fully [47]. Rates of fistula formation are significantly 
higher in those patients with an underlying diagno- 
sis of Crohn's disease or indeterminate colitis. How- 
ever, an overall incidence of 6.8% was found in one 
multi-centre North American study [48]. Thirty per 
cent of these presented before ileostomy closure and 
only 12% were found to suffer from Crohn's dis- 
ease. In a review of 25 cases of pouch-vaginal fis- 
tula from the Cleveland Clinic [49], the majority 
had a tendency to occur in the early post-operative 
period (0.5 months) in patients without Crohn's dis- 
ease compared with 16.5 months in those patients 
with a final diagnosis of Crohn's disease. Fistulae oc- 
curred in this study following both stapled (1.9%) 
and hand-sewn (7.4%) anastomosis. Sepsis appears 
to be the most common aetiological factor and 



prognosis is poor in those patients with a delayed 
diagnosis of Crohn's disease, where pouch excision 
rates of up to 50% are reported. 

Pouch dysfunction due to incontinence 

The reported rates of incontinence following IPAA 
vary but minor incontinence rates as high as 40% 
have been reported [50, 51]. Loss of anal sensitivity, 
anal manipulation and surgical trauma have all been 
implicated as contributing factors. However, similar 
rates of incontinence have been reported with hand- 
sewn and stapled pouch-anal anastomoses, and per- 
sistence of incontinence despite return of resting 
anal sphincter pressure to normal suggests an ae- 
tiology other than the surgical technique. Interest- 
ingly, the level of pouch-anal anastomosis does ap- 
pear to influence continence. As described above in 
one study, patients with a low-stapled anastomosis 
with a short rectal cuff had significantly better func- 
tion than those with a long rectal cuff in terms of 
nocturnal continence and daytime frequency [44]. 

There is now some information available con- 
cerning the long-term functional outcome of pa- 
tients following pouch surgery. The Mayo Clinic 
followed a group of 75 patients after IPAA and 
compared functional results at 1 year with the same 
patients after 10 years [52]. Seventy-eight per cent 
of those patients who had excellent continence at 
1 year post-operative remained unchanged at 10 
years, 20% developed minor incontinence and one 
patient developed poor control. Forty per cent of 
those with initial minor incontinence remained un- 
changed, 40% improved and 20% worsened. Noc- 
turnal faecal spotting increased over the 10-year pe- 
riod but not significantly (38% increased to 52%). 
Stool frequency remained unchanged throughout 
the study period. 

Treatment of pouch dysfunction 

Disorders of pouch function must be dealt with us- 
ing a systematic approach. By doing so the patient 
can be easily placed into one of the categories out- 
lined above and a specific line of investigation and 
treatment can be undertaken. Non-surgical inter- 
vention including modifications in diet and lifestyle, 
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with or without the addition of medications, will 
solve the majority of problems. In a minority, 
however, surgical intervention is necessary. When 
surgery becomes necessary it should be performed 
only by a surgeon experienced in such matters. Lo- 
cal procedures will often be sufficient to solve the 
problem and thankfully it is only rarely necessary 
to proceed to pouch excision with or without re- 
construction. 



pouch capacity has been shown to be associated 
with improvements in compliance and widening of 
the pouch to anal pressure gradients, providing sig- 
nificantly better functional results with a decrease 
in 24 -h and nocturnal stool frequency, increase in 
mean pouch evacuation volume and improvement 
in the daytime and nocturnal continence despite no 
significant change between pre-operative and post- 
operative anal manometric pressures [53]. 



Infection 

Rarely, specific infections of the ileoanal pouch 
may be identified that require treatment with anti- 
microbial agents. Campylobacter is treated with oral 
erythromycin or ciprofloxacin for 7 days. Shigella 
is treated with oral ciprofloxacin or trimetho- 
prim/sulfamathoxazole for 5 days. Salmonella infec- 
tion is generally self-limited and treatment is usually 
not recommended. If treatment is necessary the reg- 
imen is the same as for Shigella. Enteroinvasive E. 
coli is also a self-limiting infection and treatment is 
usually not recommended. C. difficile may be treated 
with oral vancomycin or metronidazole for 10 days 
but it is debatable whether it causes disease in the 
pouch because ileal epithelial cells lack the receptor 
for the bacterial toxin. Cytomegalovirus is treated 
with intravenous ganciclovir as a 14-21-day course. 

Pouch capacity and compliance 

Inadequate pouch capacity or compliance can re- 
sult in less than satisfactory stool frequency or con- 
tinence. Treatment of this condition depends on 
the underlying cause. Idiopathic decreases in pouch 
compliance can be treated symptomatically with fre- 
quent small-volume meals and anti-diarrhoeal med- 
ications. Lack of pouch compliance when secondary 
to pelvic sepsis should be treated with the appropri- 
ate antibiotic, with or without surgical or radiolog- 
ical drainage of any associated abscesses. Defunc- 
tioning of the pouch by means of a loop ileostomy is 
often necessary in these patients. When these mea- 
sures fail then a poorly functioning ileal J pouch 
reservoir secondary to limited capacity or compli- 
ance can sometimes be successfully managed with 
conversion to a W IPAA. The resultant increase in 



Treatment of pouchitis 

Antibiotics 

The use of metronidazole and ciprofloxacin for the 
treatment of pouchitis appears to be successful in 
approximately 80% of patients [54-56]. 

Symptomatic improvement usually occurs 
within 1-2 days, although patients with relapsing 
pouchitis may require chronic maintenance metron- 
idazole therapy. The success of metronidazole may 
be based on its anti-anaerobic function. It also 
has been shown to inhibit superoxide produc- 
tion and therefore reduces oxygen-derived free 
radical-induced mucosal damage [57]. The dose of 
metronidazole used is 250 mg t.i.d. for 10 days. The 
dose of ciprofloxacin is 500 mg b.i.d. for 10 days. 
Relapse following response to metronidazole or 
ciprofloxacin is usually treated with a second 
course. A third occurrence is usually an indication 
for maintenance therapy with metronidazole or 
ciprofloxacin. Side effects associated with the use of 
metronidazole can occur in up to 5 5 % of patients 
during treatment. These include neuropathies, 
nausea, vomiting, abdominal discomfort, headache 
and skin rash. For those patients who do develop 
side effects, or fail to respond to metronidazole 
ciprofloxacin can be used as second-line therapy. 
Ciprofloxacin is generally better tolerated and for 
this reason is the first-line antibiotic of choice for 
some clinicians. The use of probiotics has been 
demonstrated to be effective for primary preven- 
tion of pouchitis and for maintenance of remission 
in patients with chronic pouchitis following induc- 
tion therapy with antibiotics [58-60]. In patients 
who appear to develop bacterial resistance after 
prolonged suppressive antibiotic treatment, cycling 
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of three or four antibiotics in i-week intervals may 
be useful. 



Anti-inflammatory agents 

There have been some uncontrolled studies that sug- 
gest that topical 5 -aminosalicylic acid (5-ASA) ene- 
mas may be beneficial for patients with active pou- 
chitis [61, 62]. Similar uncontrolled reports have 
suggested that oral and topical corticosteroids may 
be of benefit in patients with active pouchitis [61, 
63]. Budesonide suppositories (0.5 mg t.i.d) resulted 
in clinical and endoscopic improvement or remis- 
sion in 10 out of 10 patients with active acute 
pouchitis [64]. Budesonide enemas (2 mg) were as 
effective as oral metronidazole in treating active 
pouchitis [65]. 5-ASA suppositories also appear to 
be effective for the treatment of cuffitis [66]. 



Nutritional agents 

Therapy with short-chain fatty acid enemas and glu- 
tamine suppositories may be useful in treating pou- 
chitis [67]. The data, however, are uncontrolled and 
the low overall clinical response rate suggests that 
short-chain fatty acid enemas or suppositories are 
not beneficial for active pouchitis. 

Other agents 

The theory that pouchitis may be secondary to 
oxygen-derived free radical-induced mucosal dam- 
age led to the suggestion that treatment with allop- 
urinol may be beneficial to these patients [68]. This, 
as a xanthine oxidase inhibitor, has been shown in 
an uncontrolled study to induce clinical improve- 
ment in four out of eight patients with acute pouch- 
itis. However, a subsequent placebo-controlled trial 
failed to confirm these results [69]. 

Other agents that have been tried include bis- 
muth and endotoxin-binding resins. Controlled data 
supporting their efficacy, however, are not available. 

Surgical treatment of pouchitis 

Approximately 3% of patients will be refractory 
to medical therapy and will require an operative 



approach with use of an ileostomy and either exclu- 
sion or excision of the pouch. Formation of a tem- 
porary loop ileostomy obviously eliminates inconti- 
nence, but the intensity of the inflammatory changes 
are not influenced. Closure of the temporary defunc- 
tioning loop ileostomy is therefore unlikely to lead 
to the resolution of symptoms. 

Natural history of pouchitis 

At the Mayo Clinic, in patients with IPAA for ul- 
cerative colitis, the cumulative risk of developing 
at least one episode of pouchitis is 50-60%. Of 
those patients who develop pouchitis, 36% have one 
to two acute pouchitis episodes, which respond to 
treatment with antibiotics. Forty-nine per cent re- 
lapse more frequently (at least three acute episodes) 
but respond to antibiotics, and 15% require main- 
tenance suppressive therapy and have been labelled 
chronic pouchitis. Of this group with chronic pou- 
chitis, up to 50% (or 3 % of all patients after IPAA) 
may require surgical exclusion or excision of the 
pouch [70]. Other studies confirm the incidence of 
pouch excision as being around 1%. 

Treatment of outlet obstruction 

Evacuation difficulties secondary to outlet obstruc- 
tion can be due to a long efferent limb in the case 
of S-shaped pouches, a long rectal stump or stric- 
ture formation, usually at the level of the pouch-anal 
anastomosis. 

Strictures 

Most strictures will respond to simple digital dilata- 
tion of the pouch-anal anastomosis at the time of 
closure of loop ileostomy. The majority of patients 
will need no further dilatations. Occasionally, how- 
ever, strictures caused by anastomotic dehiscence 
and fibrosis will require repeated digital dilatation 
or use of bougies. Having attempted the above mea- 
sures, if a stricture persists then scar excision may 
occasionally be successful. If severe, however, pouch 
excision may be necessary with construction of a 
new pouch, provided that Crohn's disease has been 
excluded. 
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Efferent limb obstruction 

This is seen almost exclusively in patients who have 
undergone construction in an S-shaped pouch. Sur- 
gical correction has been shown to result in good 
functional results. One study of salvage surgery for 
ileal pouch outlet obstruction showed significant im- 
provement in function following abdominal mobil- 
isation of the pouch with excision of the long effer- 
ent limb and hand-sewn ileoanal anastomosis to the 
dentate line [43]. 



following pouch surgery [71], 70 patients required 
subsequent operations. After a mean follow-up of 
3 years, 22 patients had had their pouch excised, 
1 5 had ileostomies with intact pouches and 77 had 
functioning pouches. Of these, 77 patients, 70% 
had a satisfactory functional result. Sixty-nine per 
cent of patients requiring more than one operation 
for pouch-related complications had their pouch ex- 
cised compared to 14% who had only one operation 
for pouch-related complications. 



Long rectal stump 

This complication is exclusive to the use of the 
double-stapled anastomotic technique. Surgical cor- 
rection involves mobilisation of the pouch from 
above, including the rectal stump, as far as the 
pelvic floor. A hand-sewn pouch-anal anastomosis 
can then be constructed following excision of the 
rectal stump. 



Conclusion 

Diagnostic evaluation of any patient with pouch 
dysfunction should be based on the patient's symp- 
toms at presentation and a systematic, logical step- 
wise approach undertaken, and specific treatments 
instituted. This will be successful in restoring most 
patients to an acceptable pouch function. 



Treatment of f istulae 

Treatment of pouch-vaginal fistulae usually involves 
diversion of the faecal stream together with local 
measures initially, such as an endoanal advancement 
flap. If this fails then excision of the pouch with or 
without reconstruction may be the only alternative. 
Treatment of pouch-perineal fistulae is usually ini- 
tially attempted by means of fistulotomy or seton 
placement, depending on the distance from the anal 
verge, the degree of anal sphincter involvement and 
the anal sphincter function pre-operatively. Con- 
comitant diversion of the faecal stream by means 
of loop ileostomy may be necessary. Reconstruction 
of the pouch can be attempted if local measures fail, 
but a significant number will ultimately lose their 
pouch. 



Natural history of pouch dysfunction 

The consequences of ileoanal pouch dysfunction, 
however, can be devastating with protracted med- 
ical therapy and numerous hospital admissions. Re- 
operations for complications is difficult and associ- 
ated with a high number of further complications. In 
one series of 1 14 patients who required re-operation 
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14: Is mesalazine useful in Crohn's disease? 

A. Hillary Steinhart 



Introduction 

After the landmark discovery of Azad Kahn etal. [i] 
in which mesalazine (5 -aminosalicylic acid) was 
demonstrated to be the active moiety in sul- 
phasalazine, it has been hoped that the use of 
mesalazine without the sulpha moiety would re- 
sult in improved efficacy and reduced side-effects 
and toxicity in patients with inflammatory bowel 
disease. In addition, the ability to incorporate 
mesalazine in various controlled-release formats 
that target different segments of the gastrointesti- 
nal tract has raised the possibility that mesalazine 
could be used for both the short- and long-term 
treatment of Crohn's disease. It has now been over 
20 years since that first study and, since that time, 
there have been several mesalazine-based formula- 
tions developed and marketed for the treatment of 
inflammatory bowel disease. In this chapter, the role 
of mesalazine in the treatment of Crohn's disease 
will be examined in light of the existing data, the de- 
velopment of new therapeutic agents and the current 
understanding of the pathophysiology of Crohn's 
disease. 



Treatment of active disease 

Prior to the development of controlled-release 
preparations of mesalazine, sulphasalazine was 
commonly used in the treatment of patients with 
symptoms of active Crohn's disease. The use of sul- 
phasalazine, which consists of mesalazine bound 
to sulphapyridine by a diazo bond, was examined 
in a controlled manner in several studies [2-8]. In 



the National Co-operative Crohn's Disease Study 
(NCCDS), patient outcome rankings were superior 
after 17 weeks of treatment with sulphasalazine 
(1 g/15 kg body wt/day; max dose = 5 g/day) as 
compared to those patients who were randomised 
to receive placebo [6]. The observed benefit was 
limited primarily to patients with colonic disease 
(with or without small-intestinal involvement) and 
to those not receiving corticosteroids prior to the 
study. However, sulphasalazine did not appear to 
be as effective as prednisone, particularly in in- 
ducing remission by the end of the study period. 
Although the proportion of patients in remission 
was approximately 30% in the placebo arm and 
43% in those receiving sulphasalazine, this differ- 
ence did not quite reach statistical significance ( p = 
0.08) whereas the difference between placebo and 
prednisone (approx 30-60%) was statistically and 
clinically significant. In the European Co-operative 
Crohn's Disease Study (ECCDS) patients with ac- 
tive Crohn's disease were randomised to receive 
methylprednisolone 48 mg/day followed by taper- 
ing to 8 mg/day, sulphasalazine 3 g/day, combination 
methylprednisolone and sulphasalazine or placebo 
[3]. Clinical response was seen by the end of the 
16-week study period in 50% of patients receiv- 
ing sulphasalazine alone as compared with 34% 
of those receiving placebo. Methylprednisolone was 
the most effective treatment (83% response) par- 
ticularly in patients with small intestinal disease. 
Although the combination of methylprednisolone 
and sulphasalazine was no better than methylpred- 
nisolone alone, it did seem to be more effective 
in patients who had colonic disease or those who 
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Table 14.1 Oral 
controlled-release preparations 


Brand name 


Description 


Release mechanism 


Site of delivery 


of mesalazine. 


Asacol 


Eudragit-S 
coated tablet 


pH> 7 


Colon +/— terminal 
ileum 




Salofalk 


Eudragit-L 
coated tablet 


P H> 6 


Colon + ileum 




Mesasal 


Eudragit-L 
coated tablet 


P H> 6 


Colon + ileum 




Pentasa 


Ethylcellulose 
coated tablet 


Time-dependent 


Colon + ileum + 
jejunum 



had previously not been treated. In two other small 
controlled trials sulphasalazine was shown to be 
superior to placebo, at least in certain subsets of 
CD patients [2, 8]. In a 4-week cross-over trial 
of sulphasalazine given at a dose of 1.5 g/day for 
3 days followed by 3 g/day, sulphasalazine pro- 
duced clinical improvement in patients who had 
not previously undergone intestinal resection [2]. 
In a 26-week trial of 26 patients, treatment with 
sulphasalazine was associated with a greater than 
25% reduction in the inflammatory activity index 
in 62% of patients [8]. Similar reductions in ac- 
tivity were observed in only 8% of placebo-treated 
patients. 

In the Co-operative Crohn's Disease Study in 
Sweden, sulphasalazine 1.5 g b.i.d was compared 
to metronidazole 400 mg b.i.d for 4 months fol- 
lowed by a further 4 months cross-over period [7]. 
There was no placebo arm in the study. In the 
initial 4-month period significant reductions were 
noted in the Crohn's disease activity index (CDAI) 
scores in both treatment arms, but the reductions 



were not different between the two. In both treat- 
ment arms it was noted that patients with colonic 
disease, with or without small intestinal involve- 
ment, experienced more favourable outcomes on 
average. The results of these studies support the 
notion that sulphasalazine has modest efficacy in 
treating the symptoms of active Crohn's disease, 
particularly when there is colonic involvement, but 
perhaps not as effective as corticosteroids. Follow- 
ing the demonstration by Azad Khan et al. [1] that 
mesalazine is the principal active component of the 
sulphasalazine molecule, it was hoped that by for- 
mulating mesalazine in a controlled-release prepa- 
ration it would be possible to improve efficacy by 
allowing higher doses of mesalazine to be used with 
fewer adverse effects than would be associated with 
the use of sulphasalazine (Tables 14. 1 and 14.2). 
It was also hoped that the use of controlled-release 
preparations would facilitate targeting of drug re- 
lease in the ileocolonic areas most commonly af- 
fected by Crohn's disease. Since then there have been 
many studies attempting to define the role of the 



Table 14.2 Other preparations 
of mesalazine. 



Brand name 


Description 


Release mechanism 


Site of delivery 


Salazopyrine 


Sulphapyridine and 


Bacterial 


Colon 


(sulphasalazine) 


mesalazine joined 


azoreductase 






by diazo bond 


cleavage 




Dipentum 


Two mesalazine 


Bacterial 


Colon 


(olsalazine) 


molecules joined 


azoreductase 






by diazo bond 


cleavage 




Colazide 


4-aminobenzoyl- 13 - 


Bacterial 


Colon 


(balsalazide) 


alanine and 


azoreductase 






mesalazine joined 


cleavage 






by diazo bond 
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controlled-release preparations of mesalazine in the 
treatment of active Crohn's disease and in the main- 
tenance of remission. 

The first reported use of mesalazine for the treat- 
ment of symptoms of acute Crohn's disease was pub- 
lished by Rasmussen et al. [9]. In that open study 
18 patients with small-intestinal Crohn's disease 
were treated with Pentasa 500 mg t.i.d for 6 weeks. 
Pentasa, which consists of mesalazine coated in 
ethylcellulose granules, releases the mesalazine in 
a time- and pH-dependent fashion throughout the 
small and large intestine of normal volunteers. It 
is important to note that no data regarding the 
release kinetics of Pentasa (or any of the other 
mesalazine-containing preparations) are available in 
patients with active Crohn's disease. However, in 
Rasmussen's initial pilot study, Pentasa was noted to 
be safe, and 13 out of the 18 patients were rated as 
being improved on treatment. The same group later 
published a small, randomised, placebo-controlled 
trial of Pentasa 1500 mg/day f or 1 6 weeks and found 
no difference in outcomes between the 30 patients 
randomised to Pentasa as compared with the 37 ran- 
domised to placebo [10] . Improvement was reported 
in 40 and 30% of the patients in the two arms, re- 
spectively. Given the relatively small sample size, this 
difference was not statistically significant. The mod- 
est effect of mesalazine observed in that study may 
have been, in part, due to the low dose used. How- 
ever, the 3 3 % improvement in response rate is not 
entirely out of keeping with the results of subsequent 
studies using higher doses of mesalazine. The lack 
of a statistically significant difference in this study 
may have been due to the fact that the study did 
not have sufficient power to detect such a differ- 
ence [11]. Mahida and Jewell reported a 40-patient 
randomised controlled trial of mesalazine (Pentasa) 
in patients with active Crohn's disease [11]. They 
found no difference in response rates over the 
6-week study period in the 40 study subjects. 

The majority of the evidence supporting the pres- 
ence of a biological effect of mesalazine, in the 
form of Pentasa, comes from a single large placebo- 
controlled dose-finding study carried out in the 
United States. [12]. In that study, 310 patients with 
Crohn's disease of the terminal ileum alone or ter- 
minal ileum and colon were randomly assigned to 



receive placebo, 1, 2 or 4 g of Pentasa daily. After 
8 weeks of treatment, the patients in the 4 g arm ex- 
perienced a mean 72-point reduction in the CDAI 
as compared with a 21 -point reduction in patients 
receiving placebo. Although this was shown to be 
statistically significantly different and does appear 
to suggest that mesalazine has some effect on symp- 
tomatic status in Crohn's disease, the clinical signif- 
icance of a 50-point differential is debatable. When 
the proportion of patients in remission (as defined 
by a CDAI < 1 50) at the end of treatment was exam- 
ined, the 4 g/day group was found to have fared bet- 
ter than those receiving placebo (43% in remission 
on Pentasa 4 g/day vs 18% on placebo). There were 
no statistically or clinically significant differences 
between the placebo, 1 g/day or 2 g/day arms with 
respect to CDAI scores or proportion of patients in 
remission at the end of the treatment. The authors 
subsequently reported quality of life scores that con- 
firmed the superiority of mesalazine at the 4 g/day 
dose [13]. A second similar study that omitted the 
1 g dose was carried out in 232 patients but did 
not demonstrate superiority of Pentasa over placebo 
[14]. However, the second study was reported only 
as a brief correspondence, and no details of the trial 
methodology were available for review. The author 
suggested that a pooled analysis of the two trials 
demonstrated a statistically significant superiority 
of the 4-g dose over placebo and a statistically sig- 
nificant dose-response trend. A third randomised 
controlled trial of Pentasa was performed but the 
results, which showed no difference in CDAI reduc- 
tion between mesalazine and placebo, were not pre- 
sented in an independent report. The data from that 
study were combined with the data from the first 
two Pentasa trials and the aggregate results were 
presented within a meta-analysis of the three simi- 
larly designed Pentasa-active CD trials [15]. For the 
meta-analysis, the results from the 4-g/day groups in 
the three studies were combined (n = 154) and com- 
pared to the aggregate results of the placebo groups 
(n = 156). The mean Crohn's disease activity index 
(CDAI) reduction observed in placebo-treated pa- 
tients was 45 and was 63 in the mesalazine-treated 
patients. Although this difference was statistically 
significant (p < 0.04) the clinical significance of this 
difference is questionable. 
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In a smaller study, Tremaine et al. [16] ran- 
domised 38 patients with Crohn's disease of the 
colon or terminal ileum and colon to receive 
mesalazine, in the form of Asacol 800 mg q.i.d, 
or placebo for 16 weeks. Asacol tablets consist of 
mesalazine in a coating (Eudragit S), which releases 
the active medication at a pH above 7. It is designed 
to release mesalazine primarily in the colon with 
some release in the terminal ileum. In this study, 
patients receiving Asacol experienced a 60% rate of 
complete or partial 'success' as compared with 12% 
in the placebo-treated arm. Complete success was 
defined as a final CDAI score of less than 150 and 
at least 70 points lower than baseline. Partial success 
was a final CDAI score at least 70 points lower than 
baseline but greater than 150. The results bordered 
on statistical significance depending on the method 
of analysis used, but appeared to show a reasonably 
important clinical difference between the two treat- 
ment arms. When only complete success, as defined 
by attainment of remission, was examined, 45% 
of the patients in the Asacol group achieved that 
threshold as compared with 22% of the placebo- 
treated patients. The validity of the results of this 
study is supported by the observed placebo remis- 
sion rate, which is in keeping with that observed 
in the placebo groups of several other clinical trials 
in Crohn's disease. In addition, the remission rate in 
the Asacol arm is in the same range as that seen in 
other trials of mesalazine for active Crohn's disease. 

Mesalazine (Pentasa) has also been compared 
with controlled ileal-release budesonide (Entocort 
CIR) in a randomised controlled trial in patients 
with active Crohn's disease of the terminal ileum 
with or without involvement of the right side of 
the colon [17]. In that trial, patients received ei- 
ther mesalazine (Pentasa) 2 g b.i.d or budesonide 
(Entocort CIR) 9 mg once daily for 16 weeks. 
Sixty-nine per cent of the budesonide-treated pa- 
tients were in remission after 8 weeks as compared 
with only 45% of the mesalazine-treated group. 
The proportion of patients still in remission af- 
ter 12 and 16 weeks showed a slight decrease in 
both arms, but budesonide continued to be statis- 
tically superior to mesalazine (62% vs 36% remis- 
sion rates). In addition, 27 of the 61 patients ran- 
domised to receive mesalazine were withdrawn from 



the study because of worsening Crohn's disease as 
compared to only 10 of 63 budesonide-treated pa- 
tients. Although the results appear to clearly demon- 
strate the superiority of budesonide over mesalazine, 
it should be noted that the remission rate in the 
budesonide-treated group was higher than that re- 
ported in any of the previous budesonide trials that 
have studied its use in very similar populations of 
patients with symptoms of active Crohn's disease 
[18-20]. Similarly, the remission rate observed in 
the Pentasa-treated group was somewhat lower at 
16 weeks than that observed in the Singleton et al. 
[12] study. The absence of a placebo arm makes 
any conclusion regarding the absolute effectiveness 
of Pentasa problematic. There have also been sev- 
eral small studies that have compared mesalazine to 
conventional glucocorticoids, either prednisone or 
6-methylprednisolone [21-24]. Scholmerich et al. 
found that 73% of the 30 patients randomised to 
mesalazine 2 g/day stopped therapy because of inad- 
equate efficacy compared with 34% of the patients 
receiving 6-methylprednisolon [24]. However, the 
other three studies [21-23] showed no difference in 
response between mesalazine and conventional glu- 
cocorticoids. However, these studies were all small 
(between 17 and 35 patients per arm) and were not 
adequately powered to provide any conclusion re- 
garding the equivalence of the two treatments. 

The evidence presently available regarding the 
effectiveness of mesalazine for the treatment of ac- 
tive Crohn's disease is not consistent from one study 
to the next with respect to its effectiveness relative 
to placebo, budesonide or conventional glucocorti- 
coids (Table 14.3). However, the studies appear to 
be consistent with respect to the absolute response 
rate that is observed when doses of 3 .2 g/day or more 
are used. The proportion of patients responding 
to mesalazine is consistently between 36 and 47% 
in these trials [12, 16, 17, 21, 22]. Although there 
does seem to be some positive treatment effect the 
studies indicate only a modest effect with respect to 
remission rates, reductions in disease activity scores 
and improvements in quality of life scores after 
8-16 weeks of therapy when all patients are 
considered. The unimpressive overall results may 
be due to the patient selection criteria used by 
the studies and the inherent heterogeneity of the 
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Table 14.3 Trials of mesalazine for active Crohn's disease. 









Study 
duration 

(weeks) 


Sample 


size 


Study 


Study drug/daily dose 


Control 


Study drug 


Control 


Rasmussen, 1987 


Pentasa/1.5 g 


Placebo 


16 


30 


37 


Scholmerich, 1990 


Not reported/2 g 


Methyl- 

prednisolone 


2-4 


30 


32- 


Martin, 1990 


Salofalk/3 g 


Prednisone 


12 


22 


28 


Mahida, 1990 


Pentasa/1.5 g 


Placebo 


6 


20 


20 


Singleton, 1993 


Pentasa/1,2 and 4 g 


Placebo 


8 


80 (1 g) 
75 ( 2 g) 
75 ( 2 g) 


80 


Tremaine, 1994 


Asacol/3.2 g 


Placebo 


16 


20 


18 


Gross, 1995 


Salofalk/4.5 g 


Methyl- 

prednisolone 


8 


J-7 


17 


Thomsen, 1998 


Pentasa/4 g 


Budesonide 9 mg 


16 


61 


63 


Prantera, 1999 


Asacol tablets/4 g 
Asacol microgranules/ 4 g 


6-methyl- 
prednisolone 


12 


35/28 


3 1 






Proportion with improvement 








Disease location 


or remission 




Comments 




Study 


Study drug 


Control 





Rasmussen, 1987 Small bowel +/— colon 

Scholmerich, 1990 Small bowel and /or colon 



0.40 
0.27 



0.30 



0.66 



Improvement determined by 
investigator's opinion 

Improvement defined as not 
withdrawn for inadequate 
efficacy 



Martin, 1990 
Mahida, 1990 
Singleton, 1993 



Small bowel +/— colon 
Small bowel and /or colon 
TI +/— colon 



Tremaine, 1994 Colon +/— TI 



Gross, 1995 



Thomsen, 1998 
Prantera, 1999 



Ileum and/or colon 



TI +/— right colon 
TI +/— cecum 



0.47 


0.46 




0.40 


0.35 




o-43 (4 g/day) 


0.18 




0.24 (2 g/day) 






0.23 (1 g/day) 






0.45 


0.22 


Partial or complete response 
in 0.60 of study drug and 
0.22 of control patients 


0.40 


0.56 


Trend towards greater CDAI 
reduction on methyl- 
prednisolone 


0.36 


0.62 




0.60 (tablets) 


0.61 




0.79 (micro-granules) 







Crohn's disease patient population. It may not be 
that mesalazine is ineffective but that physicians 
and investigators have not adequately defined 
subgroups of patients who are most likely to benefit 
from therapy. If mesalazine, which is primarily 
a topically active compound with little effect or 



penetration into the deeper layers of the gut wall, is 
to have any appreciable clinical benefit it is likely to 
be in patients with early or superficial disease. The 
inclusion in clinical trials of patients with extensive 
transmural inflammation and deep ulcers, fissures, 
fistulae and inflammatory masses may well have 
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obscured a large potential benefit that might have 
been observed if only patients with more superficial 
disease or less advanced disease had been studied. 
Although the studies were all restricted to patients 
with mild to moderate disease, such patients can, 
and frequently do, have transmural involvement 
and complications that would make them less likely 
to respond to mesalazine. 

The preparation of mesalazine that is used, the 
pharmacokinetic characteristics, the dose provided 
and the mode of administration (e.g. twice daily, 
three times daily or four times daily) may also be re- 
sponsible for differences in study results and varying 
effectiveness across patient subgroups. There have 
been no head to head comparisons of the commonly 
available mesalazine preparations in the treatment 
of active CD. However, in a study by Prantera 
and colleagues [23] a new mesalazine micro-granule 
preparation was compared to mesalazine tablets 
and to 6-methylprednisolone. In that study 79% 
of patients receiving the mesalazine micro-granules 
achieved remission after 12 weeks compared with 
60% of patients receiving the mesalazine tablets. 
The difference was not statistically significant but 
the results suggest that the type of mesalazine re- 
lease preparation may influence clinical effective- 
ness. However, the very high remission rates seen 
in both mesalazine groups brings the validity of the 
results into question because these rates are consid- 
erably higher than those seen in almost all other 
mesalazine studies in active CD. 

It appears that, where examined within a single 
trial, there is a dose-response effect, with doses of 
approximately 4 g/day required to achieve a mea- 
surable and statistically significant effect. The bulk 
of the evidence pertains to the use of the Pentasa 
preparation of mesalazine with few controlled data 
regarding the efficacy of other preparations. There 
are also no data regarding differences between dif- 
ferent administration regimens and, as a result, it is 
difficult to advise patients as to whether the same 
total daily dose of medication when given as two or 
three divided doses is as effective as the usual four 
divided-dose regimens. 

Given the complex pathogenesis of Crohn's 
disease and multiple pathways and mediators of 
inflammation, it would be extremely unlikely that 



a single drug with relatively limited mechanisms of 
actions would result in major improvements in ac- 
tive disease when given as monotherapy. Although 
a pure interpretation of the evidence would argue 
against it, for many clinicians mesalazine remains 
the first-line therapy in patients with mildly to mod- 
erately active CD where there is a desire to minimise 
potential for side effects, while recognising that the 
treatment effect is modest at best and that the ther- 
apy may not be the most effective choice available, 
and that a significant proportion of patients will 
not respond to therapy. If mesalazine is used, pa- 
tients should be informed of the potential pros and 
cons of mesalazine therapy and must be monitored 
closely with the option to switch to alternative ther- 
apy, such as budesonide or systemic glucocorticoids, 
after a period of 2.-4 weeks if improvement has not 
occurred or sooner if deterioration has occurred. For 
the 32-46% of patients who respond to such a strat- 
egy, they will avoid the use of glucocorticoids. 

Maintenance of medically induced 
remission 

Although the results of trials of mesalazine in the 
treatment of active disease have provided conflict- 
ing results and the trials that have suggested that 
mesalazine is effective have shown only a modest 
mean absolute clinical benefit, it was hoped that 
mesalazine, because of its excellent short- and long- 
term safety profile, would be an ideal candidate for 
long-term maintenance therapy for patients in med- 
ically induced remissions and for those who had re- 
cently undergone surgical resection. In fact, it could 
be predicted that mesalazine would have its greatest 
chance of therapeutic success in the post-operative 
setting where most, if not all, visibly involved bowel 
is resected and the remaining bowel is either mini- 
mally involved or free of macroscopic disease. In- 
flammation, if it were to recur, might begin in the 
superficial layers of mucosa and submucosa and, as 
a result, would be amenable to the effects of top- 
ically active agents such as mesalazine. The situa- 
tion in patients with medically induced remissions 
is quite different and certainly less optimistic on 
theoretical grounds. This may explain some of the 
differences observed in the results achieved in the 
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post-operative and medically induced remission 
patient populations. Following successful medical 
therapy of active Crohn's disease and induction of 
clinical remission, endoscopic remission is much less 
commonly achieved and the deep ulcers, fistulae, 
fissures and transmural inflammation seen prior to 
treatment commonly persist [25]. In this situation, 
as in the treatment of active disease, one would pre- 
dict that the likelihood of achieving a demonstrable 
clinical effect with respect to the maintenance of re- 
mission through the use of a topically active agent 
such as mesalazine would be unlikely when much 
of the inflammatory activity is present in the deeper 
layers of the bowel wall. 

The evidence from most of the trials that have 
been carried out in the setting of medically induced 
remission (Table 14.4) support the prediction that 
mesalazine would have, at most, a modest degree of 
efficacy [26-37]. Although the trials have produced 
important results, they have been quite heteroge- 
neous in their design and, as a result, the question 
regarding the most accurate overall estimate of the 
efficacy of mesalazine remains to be answered. Sev- 
eral attempts have been made to calculate pooled 
estimates of efficacy or effectiveness by combining 
the results of all the published trials of mesalazine 
maintenance therapy using formal meta-analyses. 



Similar to the varying results of the primary research 
papers, the results of the meta-analyses have var- 
ied somewhat as well. The meta-analysis of Camma 
et al. [38] demonstrated only a minimal overall 
significant risk difference between mesalazine and 
placebo, with no statistically significant risk dif- 
ference found when only the studies including pa- 
tients with medically induced remissions were exam- 
ined. Two previous meta-analyses, which included 
a somewhat different sample of maintenance stud- 
ies, demonstrated a more clinically and statistically 
significant benefit of mesalazine therapy. One meta- 
analysis [39] calculated a relative risk of relapse 
of 0.63 (95% CI 0.50-0.79) for patients receiving 
mesalazine, whereas the second by Messori et al. 
[40] calculated an odds ratio of 0.62 (95% CI 0.47- 
0.81) for relapse at 12 months. It is important to 
note that the Camma meta-analysis was performed 
more recently and, as a result, was based upon a 
larger body of data from published randomised tri- 
als. This, along with the details of the different 
analytical methods used and the different meth- 
ods of presentation of the results, may account for 
the apparent differences among the meta-analyses. 
The meta-analyses have also shown some degree of 
heterogeneity among the individual study results, 
which may limit the validity of the pooled results 



Table 14.4 Trials of mesalazine for relapse prevention. 



Study 




Sample 


size 


Formulation and 


Maximum 


Risk of relapse (12 months) 


(first author/ 








dose of mesalazine 


follow-up 














year of publication) 


Mesalazine 


Control 


(g/day) 


(months) 


Mesalazine 


Control 


Wellmann, 1988 


32 




34 


NR 


18 


0.32 


0.40 


International Mesalazine 


101 




105 


Mesasal/Claversal 1.5 


12 


0.23 


0.36 


Study Group, 1990 
















Bresci, 1991 


20 




18 


NR 1.6 


36 


0.38 


0.94 


Brignola, 1992 


21 




22 


Pentasa 2.0 


4 


0.52 


0.59* 


Prantera, 1992 


64 




61 


Asacol 2.4 


12 


0.33 


0.55 


Gendre, 1993 


80 




81 


Pentasa 2.0 


M 


0.28 


0.40 


Bresci, 1994 


3 3 




33 


Eudragit-S Coated 2.4 


48 


0.16 


0.29 


Thomson, 1995 


102 




105 


Mesasal/Claversal 3.0 


12 


0.30 


0.30 


Arber, 1995 


28 




3 1 


Rafassal (Salofalk) 1.0 


12 


0.27 


0.55 


Modigliani, 1996 


48 




37 


Pentasa 4.0 


12 


0.64 


0.62 


De Franchis, 1997 


58 




59 


Claversal 3.0 


12 


0.58 


0.52 


Sutherland, 1997 


87 




93 


Pentasa 3.0 


11 


0.31 


0.42 



*4-month follow-up. 
NR = not reported. 
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reported in the meta-analyses. The heterogeneity 
of the trials with respect to their methodologies, 
mesalazine formulations, mesalazine doses and pa- 
tient populations, has almost certainly resulted in 
the heterogeneous results observed. The heterogene- 
ity of the patient populations, both between and 
within individual trials, is probably the most im- 
portant factor in producing the variable outcomes 
that have been observed. Although this heterogene- 
ity makes the determination of a single overall treat- 
ment effect problematic, it does provide opportuni- 
ties to dissect out specific patient populations who 
may be most likely to benefit or who are expected 
to achieve the greatest therapeutic gain. The three 
meta-analyses that have been performed have in- 
cluded both studies of patients with medically and 
surgically induced remissions and some studies that 
have included a mixture of both patient populations 
[38-40]. Because the results of the original research 
and the meta-analyses are consistent in their conclu- 
sions that the relative risk reduction observed with 
the use of mesalazine is greater in the prevention of 
post-operative recurrence than it is in the prevention 
of relapses following medically induced remissions, 
the inclusion of both types of patients in a single trial 
or meta-analysis and the use of the resulting overall 
estimate of treatment effect would tend to underes- 
timate the drug's effectiveness in the post-operative 
setting and overestimate it in the medical setting. 

A subgroup of the patients with medically 
induced remissions for which the evidence that 
mesalazine is not effective in maintaining remis- 
sion appears to be quite definite are those with re- 
missions induced with the use of systemic corticos- 
teroids. Modigliani et al. [33] demonstrated quite 
convincingly that mesalazine in the form of Pentasa 
given in a high dose (4 g/day) allowed a greater pro- 
portion of patients to successfully wean off pred- 
nisolone following recent acute treatment than did 
placebo. However, at the end of 1 year following 
initiation of treatment the proportions of patients 
who remained in remission over the entire period 
were no different in the two treatment arms. Similar 
results were found by De Franchis et al. [30] who 
randomised a total of 117 patients with remission 
induced by corticosteroid therapy to receive either 
placebo or mesalazine 3 g/day, but that study was 



terminated early because a slightly higher, but statis- 
tically insignificant, incidence of relapse was noted 
in the mesalazine arm. There are at least two pos- 
sible explanations for these results. Firstly, it may 
be that the need for corticosteroids for the treat- 
ment of acute symptoms of Crohn's disease may be 
a marker for an aggressive form of the disease that 
would be less likely to respond to the modest and 
specific anti-inflammatory effects of mesalazine. Al- 
ternatively, it is possible that corticosteroid therapy 
in some way alters the disease and the inflammatory 
process thereby rendering it less responsive to other, 
less potent forms of anti-inflammatory drug therapy. 
In such instances immunosuppressive therapy such 
as azathioprine, 6-mercaptopurine or methotrexate 
may be necessary to achieve an adequate treatment 
effect [41, 42]. Differences among the trials with re- 
spect to the dose and form of mesalazine used, the 
proportion of patients with ileal disease and the du- 
ration of disease and duration of remission prior 
to initiation of maintenance therapy have also been 
suggested as being responsible for the varying re- 
sults obtained from the reported trials. The trials 
have used doses of mesalazine varying between 1 
[26] and 4 g/day [33] with most being in the range of 
1.5-3 g^ay [27-32, 34-37]. However, examination 
of the data reveals no evidence of a dose-response 
relationship. 

In their meta-analysis, Camma et al. [38] per- 
formed a subgroup analysis of the results and found 
no differences in the estimates of efficacy between 
studies in which pH-dependent release formula- 
tions of mesalazine (Asacol, Mesasal, Salofalk and 
Rowasa) were used and those in which microsphere 
formulations (Pentasa) were used. They also per- 
formed a regression analysis to examine other po- 
tential confounding variables. They found that a 
higher proportion of patients with ileal disease and 
longer total disease duration both seemed to predict 
greater efficacy with maintenance mesalazine. Un- 
fortunately, the analysis included studies with both 
medically and surgically induced remissions and did 
not examine the possibility of an interaction be- 
tween the surgical/medical variable and other vari- 
ables reported to have been significant in the over- 
all group. An empirical review of the trials suggests 
that the increased benefit seen in patients with ileal 
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disease is due primarily to inclusion of the post- 
operative trials, which, for the most part, demon- 
strated greater improvement in outcomes in the sub- 
group of patients with ileal disease. 

The duration of remission has been suggested to 
be a potential prognostic factor and may provide a 
means for selecting patients who are most likely to 
obtain a clinically important reduction in relapse 
incidence. In their study of mesalazine (Pentasa) 
2 g/day, Gendre etal. [31] divided patients into those 
who were at low risk of relapse and those who were 
at high risk of relapse as determined by the length 
of the remission prior to entry into the trial. They 
arbitrarily used a cut-off of 3 months with patients 
in remission less than that period of time considered 
being at high risk, and the remainder considered 
being at low risk of relapse. The 3 -month cut-off 
successfully stratified the patient population with 
the placebo-treated patients in the low risk stratum 
having a relapse risk of 0.42 over 2 years and the 
high-risk stratum placebo-treated patients having a 
relapse risk of 0.71. Mesalazine was found to be ef- 
fective in producing a statistically significant reduc- 
tion in the risk of relapse only in the high-risk group 
with relapse risks of 0.71 in the placebo-treated 
patients and 0.55m the mesalazine-treated patients. 
Although the 3 -month cut-off for risk stratification 
appears to have been decided upon retrospectively, 
it should be noted that a similar reduction in relapse 
risk was noted in the smaller study of Bresci et al. 
[27]. In that study, only patients who had recently 
entered into remission on 4 weeks of cortico-steroid 
therapy were included. This would have effectively 
limited the study to those with duration of remis- 
sion of less than 3 months, which is similar to the 
high relapse risk group of Gendre et al. (32). 

Prevention of post-operative recurrence 

Although the word 'prevention' is used to describe 
the outcome that is hoped for when maintenance or 
prophylactic therapies are used in Crohn's disease, 
there is no evidence that any therapy is capable of 
preventing relapse or recurrence. Crohn's disease 
will, almost by definition, recur following surgically 
or medically induced remissions if patients are 
followed long enough. If disease does not recur, one 



should question the diagnosis of Crohn's disease. 
Most studies have shown mesalazine to be effective 
in producing 'delay' of post-operative recurrence or 
'reduction' in endoscopic severity but have not, in 
the truest sense, shown mesalazine to be effective 
for the 'prevention' of recurrence [35, 43-47]. The 
characteristics of the studies, which vary somewhat 
with respect to patient inclusion criteria, mesalazine 
formulation and dose, duration of follow-up and 
handling of dropouts, are summarised in Table 14.5. 
Another study by Caprilli et al. comparing two 
doses of mesalazine (Asacol), 2.4 and 4.0 g/day, in 
101 patients after resection found a slight reduction 
in the frequency of endoscopic recurrence at 1 year, 
but this difference was accounted for by mild, 
clinically insignificant endoscopic recurrence [48]. 
Although there are some variations in trial design 
among the post-operative studies, they are more 
homogeneous than the studies that have been 
carried out in patients with medically induced 
remissions, and, as a result, the observed treatment 
effects tend to be more consistent among the 
studies. Camma et al. [38] estimated a pooled risk 
difference of 13.1% favouring mesalazine over 
placebo in the post-operative setting. However, 
the meta-analysis did not include the data from 
the Lochs [46] and Hanauer [45] studies, whose 
inclusion would likely have resulted in a lower 
estimated pooled risk difference. Although the 
Lochs' study of 3 1 8 patients showed no statistically 
significant reduction in post-operative recurrence 
over 18 months, there was a slight trend towards 
lower recurrence in the mesalazine-treated patients 
compared with placebo-treated patients (24.5% vs 
31.4%) [46]. Consistent with the findings of the 
Camma meta-analysis, they also found that the 
benefit was greatest, and statistically significant, 
in the subgroup of patients with isolated small 
bowel disease. The Camma meta-analysis also 
found that mesalazine produced larger benefit in 
those with longer disease duration [38]. It should 
be noted, however, that this latter analysis was 
performed including studies of both surgically and 
medically induced remissions. Although the pooled 
risk difference of 13.1% is statistically significant, 
it would mean that, if the estimate were correct, 
approximately eight patients would need to be 
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Table 14.5 Trials of mesalazine for post-operative prophylaxis. 



Study (first author/ 




Sample size 




Formulation and dose 


Time from surgery 
entry to study 








year of publication) 


Mesalazine 


Placebo 


Disease sites 


of mesalazine (g/day) 


(weeks) 


Caprilli, 1994 


47 




48" 


SB, SB/C 


Asacol 2.4 


2 


Brignola, 1995 


44 




43 


SB, SB/C 


Pentasa 3.0 


4 


McLeod, 1995 


87 




76 


SB, SB/C, C 


Rowasal/Salofalk 3.0 


8 


Sutherland, 1997 


31 




35 


SB, SB/C 


Pentasa 3.0 


NR 


Lochs, 2000 


i5 2 




166 


SB, SB/C, C 


Pentasa 4.0 


1.4 


Hanauer, 2004 


44 




40 


SB, SB/C 


Pentasa 3.0 


Before post-operative 
discharge 



Study (first author/ 
year of publication) 

Caprilli, 1994 
Brignola, 1995 
McLeod, 1995 
Sutherland, 1997 

Lochs, 2000 



Hanauer, 2004 



Maximum length 
of follow-up 
(months) 



72- 



Proportion of patients 
with recurrence 



Definition of 



recurrence 



M 



Typical endoscopic lesions (>5 aphthous 

lesions) 
CDAI >I50 and >ioo higher than 

previous visit 
Symptomatic recurrence PLUS 

endoscopic/radiologic confirmation 
CDAI >I50 and >6o higher than 

baseline OR 

Investigator opinion/ corticosteroid 

therapy/ hospitalisation 
CDAI >2 5 o OR 

CDAI >200 but more than 60 points 

greater than lowest post-operative 

value for two consecutive weeks OR 

Indication for surgery OR 

Development of a new fistula OR 

Occurrence of a septic complication 
Score of two or more on clinical scoring 

system (mild symptoms or worse) 



Mesalazine 
0.30 

0.16 

o.26 b 



0.24 



Placebo 
0.60 

0.23 

0.4 5 b 
0.23 

0.31 



0.58 



0.77 



Legend: 

SB = small bowel; SB/C — small bowel 4- cecum and/or ascending colon; C — colon. 

a — open study (i.e. patients in control arm received no placebo). 

b = 3year actuarial risk of recurrence. 



treated in order to prevent one post-operative 
recurrence of Crohn's disease over a period of 
12-36 months. It is not known if the calculated 
risk reduction is maintained over a more extended 
duration of therapy. The issue of whether a 13.1% 
reduction in the risk of recurrence is cost-effective is 
debatable and needs to be discussed in the context 
of the cost effectiveness of other commonly used 
medical interventions. Unfortunately, carefully 



conducted cost-effectiveness analyses, with results 
presented in terms of cost per quality-adjusted-life- 
year saved in order to allow such comparisons to 
be made, have not been performed. However, the 
effectiveness data do provide physicians with some 
helpful information to present to patients when 
discussing the issue of post-operative prophylaxis. 
There does appear to be a benefit associated with 
the use of mesalazine, but the overall benefit is 
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modest when examined over a period of 1-3 years. 
There are some disease characteristics, such as 
small-intestinal disease site, which may predict a 
more favourable risk reduction associated with the 
use of mesalazine. The decision regarding the use of 
post-operative mesalazine prophylaxis should not 
be based on blanket recommendations, guidelines 
or policy statements. Without further information 
regarding its effect on subsequent requirement 
for corticosteroid, immunomodulatory or surgical 
therapy, the decision should be based upon individ- 
ual patient and disease characteristics and patient 
preferences. Following surgery, patients often have 
their own goals and preferences regarding further 
use of medical therapy. Some patients are extremely 
risk-averse and are willing to 'do anything possible' 
to prevent a recurrence even if the risk reduction 
achieved with treatment is low. Other patients view 
surgery as a means of allowing them to discontinue 
medical therapy, even temporarily, and are willing 
to accept the increased risk of recurrence if it means 
that they will be 'drug free' for a period of time. Un- 
fortunately, there are no data regarding the longer 
term outcomes, with respect to the need for corti- 
costeroid, immunomodulatory or surgical therapy, 
for patients treated post-operatively with prophy- 
lactic mesalazine. It is quite possible that, given the 
modest treatment effect in reducing the risk of post- 
operative recurrence, mesalazine may have no effect 
on these other outcomes that are likely to be of even 
greater interest to patients, physicians and insurers 
than a delay in post-operative clinical recurrence. 
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15: Steroids or nutrition? 

Miquel A. Gassull 



Glucocorticoids in the treatment of IBD 

Systemic administration of therapeutic doses of 
glucocorticoids (hydrocortisone, prednisone, pred- 
nisolone or methyl-prednisolone) to patients suffer- 
ing from acute, moderate-severe, attacks of ulcer- 
ative colitis (UC) or Crohn's disease (CD) induce 
clinical response in 6o-8o% of cases [1-4]. Due to 
their marked anti-inflammatory activity and quick 
therapeutic action (within days) they are widely 
accepted as the treatment of choice in these situ- 
ations. In addition it has the advantage of being 
an inexpensive therapy. Because of these 'virtues' 
it is considered one of the best examples of low 
cost and effective treatment. Steroids continue to 
be the most used and most useful drugs in the 
management of patients with acute attacks of IBD. 
They continue to be the standard against which 
new treatments are compared in IBD in clinical 
trials. 

However, as in all drug-based therapy, steroids 
have also 'drawbacks'. These 'drawbacks' may have 
relevance in diseases such as CD and UC with a clin- 
ical course characterised by frequent relapses that 
may need repeated steroid treatments. 

It is known that prolonged glucocorticoid ad- 
ministration leads to adrenal suppression. More- 
over, unwanted aesthetic changes develop in 
patients on this treatment, including moon face, 
'buffalo hump', striae, weight gain, acne, hirsutism 
and others [5,6]. Although most of these side effects 
revert after discontinuing the treatment, steroids are 
not well accepted particularly by adolescents and 
youngsters with IBD, and especially when they have 



already experienced the effects of the glucocorticoid 
treatment once or twice. 

In addition to these aesthetic side effects, there 
are severe metabolic consequences of steroid treat- 
ment. These include, hypocalcaemia, hypergly- 
caemia [7, 8] and protein hyper-catabolism [9, 10]. 
The latter may contribute to the development of 
malnutrition, which together with the inflamma- 
tory activity and enteral loss of proteins, are pri- 
mary events leading also to growth arrest and sexual 
maturation delay in children and adolescents [11]. 
These are considered very severe complications of 
IBD in younger patients. Furthermore, growth fail- 
ure in childhood will influence height in adult life. 
In Table 15.1 the side effects of steroids are shown. 

Inflammatory bowel disease itself decreases bone 
mineral density [12] by the effect of increased cy- 
tokine expression [13]. In addition, several other 
factors related to the presence of active disease, such 
as malnutrition, dietary restrictions, lack of exercise 
or climatic factors (sun light exposure) are risk fac- 
tors for metabolic bone disease [14, 15]. However, 
steroid treatment also contributes to the develop- 
ment of osteopenia in IBD, by decreasing bone for- 
mation and enhancing bone resorption by inhibiting 
intestinal calcium absorption, increasing renal cal- 
cium excretion and inducing parathormone secre- 
tion [16, 17]. As a consequence, steroids increase the 
risk of bone fractures and osteonecrosis [18], which 
although not frequent, when they do occur produce 
a serious handicap to the patient. All these facts are 
limiting factors for the repetitive use of corticos- 
teroids, not only in elderly patients who may rep- 
resent the highest risk group, but also in youngsters 
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Table 15.1 Corticosteroid side effects. 



Weight gain 

Moon face, buffalo hump 

Striae, plethorae, acne 

Adrenal atrophy 

Impaired glucose tolerance, diabetes mellitus 

Hypertension 

Hypercholesterolemia 

Osteoporosis 

Aseptic necrosis of the bone 

Electrolyte imbalance 

Posterior sub-capsular cataract, glaucoma 

Insomnia, psychosis 

Neuropathy 

Hyper-metabolism and negative nitrogen balance 

Growth retardation 

Proximal myopathy 

Increased susceptibility to infections 



and especially in children and adolescents in whom, 
as mentioned, it may further derange normal 
growth, especially in those suffering from CD [18]. 
In addition, the first treatment with glucocorticoids 
at a young age may negatively influence the bone 
mass in the future, because most of the bone loss oc- 
curs within the first 3 months of steroid use. Doses 
of 40 mg of prednisolone per day for 1 week pro- 
duce a significant increase in urinary hydroxyproline 
and calcium excretion reflecting an increase in bone 
resorption [19]. At this time bone mass loss might 
be, at least in part, reversible after discontinuing the 
treatment, but repeated treatments for frequent re- 
lapses may lead to an irreversible osteopenia [20]. 
Even lower doses (10 mg/day) for longer periods 
(which is not an unusual practice) for 7 months re- 
sulted in a 34% reduction of trabecular bone volume 
[20]. Moreover, in a study of chronic low prednisone 
dose treatment (mean 5.6 mg/day) in patients with 
rheumatoid arthritis, a 2% per year loss of bone 
mineral density in the spine could be observed. Pa- 
tients not receiving steroids did not show a signifi- 
cant change in bone mineral density [21, 22]. 

Adolescent IBD patients may reach a lower peak 
bone mass than a healthy population. In healthy 
people, peak bone mass is reached around the age 
of 30. Juvenile IBD patients, suffering the disease 
since an early age, will reach the fracture threshold 



(reflecting a lower peak bone mass) earlier in life 
than healthy controls. A group of paediatric CD pa- 
tients has been described with vertebral compression 
fractures complicating osteoporosis [18, 23-26]. Be- 
cause decreased bone mass is already an important 
problem in this young-age IBD population, the use 
of steroid treatment in such situations may have very 
serious consequences for their future. 

Thus, steroid therapy-induced bone loss is dose 
and duration dependent, with a greater decrease in 
bone mass occurring during the first few months 
when administered at high doses. Even low steroid 
doses produce an accelerated loss of bone density. 
Bone mass should then be specifically protected in 
children, adolescents and elders, because they are 
recognised as high-risk populations. Adults should 
not be forgotten either, because they are in the 
most active and productive stage of their life. In 
Table 15.2 the mechanisms of corticosteroid- 
induced osteopenia are listed. 

Steroids may also be dangerous when adminis- 
tered to patients with undiagnosed abdominal ab- 
scess, because it may result in an increased mortality 
due to septic complications [5, 27]. 

All of the above mentioned steroid 'drawbacks' 
preclude their use, at therapeutic doses or even at 
lower doses, either as long-term maintenance treat- 
ment or as established therapy in patients with fre- 
quent disease relapses (steroid dependent), which 
represent up to 50% of patients with CD [28]. This 
has stimulated the search for therapies other than 
steroids for treating these patients in steroid depen- 
dent cases. 



Table 15.2 Mechanisms of steroid-induced osteopenia. 

Decreased bone formation 

1. Reduced synthesis of osteoblasts 

2. Decreased osteoblasts proliferation 

3. Impaired gonadal hormone production 

Increased bone resorption 

1. Decreased calcium absorption in the intestine 

2. Increased urinary calcium excretion 

3 . Increased parathyroid hormone secretion 

4. Decreased calcitonin synthesis 

5. Enhanced osteoclastic activity 

6. Excessive binding of macrophages to bone 



196 CHAPTER 15 



The definition of steroid dependence is not well 
established. In general terms it was considered as 
such when patients tended to relapse two or three 
times within a given period of time (6 months or 
1 year) after steroid discontinuation or when a low 
dose was reached when tapered. Although the con- 
cept has not been clearly and consistently defined, 
clinical experience has shown that when a patient 
suffers an early relapse when the drug has been dis- 
continued after a correct tapering schedule, it is most 
likely that steroid dependence is present. This sug- 
gests that therapeutic measures leading to the use of 
alternative immunosuppressants to avoid the use of 
steroids should be taken at an earlier stage in such 
cases. 

To spare steroids alternative drugs have been 
proposed, such as azathioprine, 6-MP [19], 
ciclosporine [30-33], methotrexate [34-36], my- 
cophenolate mofetil [37], tacrolimus [38] and more 
recently the new biological therapies, especially 
anti-TNF-a antibodies [39]. Although these agents 
have proven to be useful, there are potential severe 
side effects [29-39]. Moreover, in a recent review, 
methotrexate has been shown to produce an os- 
teopathy with loss of bone cortex, which is clinically 
characterised by the appearance of pain in the legs 
and a high probability of developing pathological 
fractures. Some of these fractures are often missed 
by conventional X-Ray and are only shown by bone 
scintigraphy [36]. 

Because of all these reasons, new less aggres- 
sive treatments influencing the immune response in 
chronic inflammatory conditions are being sought, 
especially to avoid or minimise corticosteroid ther- 
apy. One of these approaches is the use of nutrition 
as therapy in IBD. 

Basis for the use of nutritional 
management as primary therapy in IBD 

Nutrition was seen as a possible therapeutic tool in 
IBD due to various clinical observations: 
1 Nutritional deficiencies (macro, micronutrients) 
are frequent in these patients; these include protein- 
energy malnutrition and various mineral, vitamin 
and trace element deficits [40-44]. The aetiology of 
such derangements is multi-factorial and includes 



anorexia, hyper-catabolism, extensive small intesti- 
nal involvement or resections, increased nutrient 
losses through the inflamed and ulcerated gut, the 
existence of fistulae, medical management (thera- 
peutic fasting, steroids) and self (or doctor) imposed 
dietary restrictions. The consequences of protein- 
energy malnutrition in disease outcome are of the ut- 
most importance in children and adolescents where, 
independently of those associated with steroid treat- 
ment, there may be growth failure and delay in sex- 
ual development [9, 11]. In adults they may lead 
to increased need for surgical treatment [40] and to 
complications related to surgery [45]. 

Sub-optimal levels of micronutrients are often 
found in children and adults with IBD. Symptoms 
related to such deficits are seldom evident (except for 
iron and folate). However, sub-optimal micronutri- 
ent status may favour disease self-perpetuation, be- 
cause of impairment of tissue repair mechanisms, 
defective defence against free-radical damage and 
lipid peroxidation [46], as well as potential increase 
in mucosal dysplasia [47]. Although theoretically 
feasible, these possibilities have not been properly 
investigated. There are not, for instance, clinical tri- 
als showing the potential benefit of supplementing 
these patients with antioxidant micronutrients, ei- 
ther in inducing remission or preventing relapse of 
the disease [48]. 

2 Some foodstuffs may act as symptom-triggering 
antigens, especially in CD. This observation 
prompted the use of exclusion diets in which pa- 
tients avoid eating the offending food(s). These have 
been shown to be of some use in a small percentage 
of patients [49]. On the other hand, it has not been 
demonstrated that the re-introduction of the foods 
that provoke symptoms actually cause a relapse of 
CD. 

3 Insufficient amount of products of colonic 
metabolism of unabsorbed carbohydrates (mainly 
butyrate) or its defective oxidation by colonocytes, 
has been implicated in the pathogenesis of ulcera- 
tive colitis and pouchitis [50-56]. More recently a 
cross-over designed study in patients with refrac- 
tory pouchitis has shown that the oral administra- 
tion of inulin (an oligosaccharide fermentable in 
the colon) was able to induce clinical, endoscopic 
and histologic improvement [57]. Furthermore, the 
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administration of probiotic bacteria has been shown 
to be effective in such patients [58-62]. The nutri- 
tional approach to the maintenance treatment of UC 
has been studied. It has been shown that the relapse 
rate of quiescent disease treated with soluble dietary 
fibre (Plantago ovata seeds) was not different from 
that of patients given 5 -ASA at the usual mainte- 
nance doses. Patients on fibre treatment increased 
butyrate production in the colon (as measured by 
stool analysis) as compared to those on 5-ASA [63]. 
The nutritional approach for the acute and mainte- 
nance therapy of UC, in addition to supporting the 
role of butyrate in the pathogenesis of the disease, 
opens a new therapeutic possibility for the long-term 
maintenance treatment of quiescent UC. The use of 
fermentable carbohydrates and probiotics has not 
shown any effectiveness in CD [64, 65]. 

4 Some common severe long-term complications, 
such as growth and sexual development failure (chil- 
dren and adolescents) and osteopenia (children and 
adults) are related, not only to the disease itself or 
its treatment (steroids), but are also strongly linked 
to the presence of malnutrition [9, n, 16-19, 22]. 
As has been previously stressed, these are considered 
severe complications of the disease. Long-term nu- 
tritional support in this group of patients, especially 
in those suffering with CD, together with disease 
control, has been very helpful in recovering a more 
normal rate of growth [66, 67]. 

There is no evidence that either parenteral (TPN) 
or enteral (TEN) nutrition, when used as adjuvant 
therapy to steroid treatment, has any primary ther- 
apeutic effect on the outcome of patients with acute 
severe UC. The so called 'bowel rest' obtained by 
the use of TPN had no advantage in the treat- 
ment of these patients. However, those acutely ill 
patients given TEN (no bowel rest) coming to colec- 
tomy because of steroid unresponsiveness suffered 
significantly less complications related to surgery 
(sepsis, abdominal abscesses, etc.) as compared to 
those who received TPN [45]. These data confirm 
that enteral nutrition is the preferred modality of 
nutritional support in moderately severe ulcerative 
colitis. 

5 Nutritional habits of some communities have 
been associated with a low incidence of UC and CD, 
suggesting that some components of their diets may 



favour a modulation of the inflammatory response 
[68]. This could be related to differences in the type 
of fat present in the diet [69] that would produce 
changes in the lipid composition in the membranes 
of the immune-competent cells, which, in turn, may 
influence, chemotaxis as well as eicosanoid, adhe- 
sion molecules and cytokine release [70-75]. In vitro 
and in vivo studies [70, 74-78] support this hy- 
pothesis. Trials have been carried out using different 
preparations of the n-3 long-chain polyunsaturated 
fatty acids (PUFA), eicosapentanoic and docosahex- 
aenoic acids, in active or quiescent UC and CD, with 
negative results in most [79-86], with the exception 
of one study in CD [87]. However most clinical tri- 
als have problems of interpretation because of de- 
ficiencies in study design (cross-over), the use of a 
potentially active placebo, the use of a M-3 PUFA 
preparation that is possibly not well absorbed and 
heterogeneity in the groups studied. For all of these 
reasons, it has not been possible to obtain reliable 
information about the potential use of this nutri- 
tional approach in the treatment of either UC or CD. 
Clinical trials are necessary in order to ascertain the 
true effectiveness of this therapy and to identify the 
groups of patients that could benefit from it. 
6 For the most part, the greatest interest in a nu- 
tritional approach to the management of IBD has 
been the possibility of using chemically defined en- 
teral formula diets as primary treatment in CD. The 
first approach was made with the concept that in- 
troducing amino-acids (elemental diets), instead of 
intact proteins (polymeric diets) in the gut lumen 
would decrease the intestinal antigenic load, which 
in turn would diminish the chances of triggering or 
maintaining the abnormal or up regulated inflam- 
matory bowel response [88]. In addition it has been 
reported that elemental diets decrease intestinal per- 
meability in CD [89] and diminish the excretion of 
pro-inflammatory cytokines in the stools of these 
patients [90]. 

Randomised controlled trials, although with a 
small number of patients, showed very consistently 
that most, but not all, elemental diets achieved re- 
mission rates that were similar to corticosteroids, 
both in children and in adults [88, 89-106]. Also, 
studies have shown that some, but not all, polymeric 
diets, when used as a unique treatment, can also 
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induce remission in active CD [94, 95, 98, 99, 107- 
iii]. 

Because of some contradictory results observed 
in the published trials, together with the fact that 
most of them were carried out with a small sample 
of patients, a meta-analysis was performed to as- 
certain the effectiveness of enteral nutrition as com- 
pared to steroids [112]. It was shown that steroids 
induced remission in 80% of the cases whereas this 
occurred in about 60% of patients treated with en- 
teral nutrition (including all type of diets). This per- 
centage of remission is two to three times that ob- 
tained with placebo in early therapeutic trials in CD 
(20-30%). In addition, when most of the patients 
treated with elemental diets both in randomised and 
non-randomised clinical trials are pooled (549 pa- 
tients), the mean remission rate obtained is 78.9%, 
similar to that with steroids (Fig 15.1). Moreover, 
when the same is done with polymeric diets (n = 
124), the rate of remission is close to 70% (Fig 15.2). 
This strongly suggests that, at least in some groups 
of patients, enteral nutrition may be of primary ther- 
apeutic value. 



The possibility that the amount and the type 
of the fat source could account for the thera- 
peutic effect of enteral nutrition in CD was first 
pointed out by Fernandez-Banares et al. in 1994 
[113]. This hypothesis suggested that the fatty acids 
contained in the lipid source used and the quan- 
tity administered in the formula diet, may produce 
changes in the composition of the membrane phos- 
pholipids of the immune-competent cells. As previ- 
ously mentioned, these changes in composition may 
influence cell membrane functions, such as cell-to- 
cell recognition, and modify the production of cy- 
tokine and eicosanoid as well as adhesion molecules 
[70-78]. 

Middleton et al. [103], in 1995, performed a 
meta-analysis relating the remission rate and the 
composition of the formula diets used as primary 
treatment in patients with CD. They pointed out 
that the response rate obtained with the formula 
diets was inversely correlated with the amount of 
long-chain triglycerides in the enteral formula. This 
finding was confirmed when we included more re- 
cent trials in the analysis. 
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Fig 15.1 Mean (+/— sem) 
remisssion rate achieved in 
patients treated with elemental 
diets when randomised and 
non-randomised clinical trials 
are pooled (n = 549 patients) 
[76, 79-94]- 
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Fig 15.2 Mean (+/- sem) 
remisssion rate achieved in 
patients treated with polymeric 
diets when randomised and 
non-randomised clinical trials 
are pooled (n = 124 patients) 
[82,83,86,87,95-99]- 
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More recently, in Japan, Hiwatashi et al. [102] 
also found that elemental diets with low-fat content 
are associated with the highest remission rate when 
administered as a primary treatment in active CD. 
They hypothesised that in addition to the low anti- 
genic effect produced by the amino-acid mixture, 
the low-fat content would reduce intestinal motil- 
ity, thus favouring an 'effective bowel rest'. 

In a more recent study [114] the therapeutic role 
of fatty acid composition of the enteral diet in acute 
Crohn's disease was demonstrated by comparing 
two diets with identical caloric distribution but with 
different fat composition and source. Although the 
group treated with steroids achieved the usual 80% 
clinical remission rate, one of the diet treated groups 
(linoleic acid based) achieved a remission rate of 
60%, whereas for the other diet-treated group (oleic 
acid-based) the remission rate was only 20%. Thus 
the fat source of the enteral diet appears to define 
its therapeutic effectiveness. 

However, other factors related to the character- 
istics of the patients or the disease such as age, sex, 
race, disease location, severity of the attack, possible 
effect of previous treatments, genetic background, 
etc., may define specific subgroups of patients espe- 
cially prone to respond to enteral nutrition. In this 
sense it is illustrative that as many as 72-85% of 
children with active CD respond to elemental diets, 
especially those with small bowel and ileocolonic 
disease [66]. This observation is of relevance, 
because it fits well with the observations in adults 
where it appears that enteral formula diets are also 
more effective in CD patients with small intestinal 



involvement as compared with those with colonic 
disease. Moreover, as already mentioned, conven- 
tional or fat-modified enteral formula diets in UC 
have not shown any primary therapeutic effective- 
ness. Large-scale trials are needed to help identify 
factors, such as small bowel involvement, that are 
predictive of response to enteral feeding in CD and 
to determine the optimal characteristics of the for- 
mulas used for feeding UC patients (and perhaps 
colonic CD). 

Interesting data have been published about the 
role of enteral nutrition as maintenance treatment 
in CD. Hiwatashi reported retrospective data in- 
cluding long-term maintenance treatment of 410 
CD patients [102]. Three hundred and twenty- 
two were treated with nocturnal elemental diets at 
home, administered through a self-intubated feed- 
ing tube, complementing a diet with low-fat foods. 
The control group were patients receiving drugs 
(mainly sulphasalazine) as maintenance treatment. 
Both the cumulative probability of remission and 
non-hospitalisation at 3000 days were significantly 
higher in the home enteral nutrition group than in 
the group of patients treated with drugs. Similar re- 
sults were reported by Koga et al. [115] using poly- 
meric instead of elemental diets. Both reports stress 
the fact that the higher the amount of calories ad- 
ministered daily (between 1200 and 1600) to these 
patients the greater the possibility of maintaining 
remission. 

Wilschansky et al. [66] reported that children 
with CD who continued with nocturnal supple- 
mentary enteral nutrition with an elemental or 
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semi-elemental liquid diet after resuming a nor- 
mal diet, remained well longer than those who dis- 
continued nocturnal supplements completely after 
achieving remission. In addition, height velocity for 
growth was significantly greater in those children 
receiving supplementary nocturnal enteral nutrition 
than in those of the control group. In addition, 
Walker-Smith has shown that mucosal histological 
improvement was observed in six out of seven chil- 
dren treated with enteral polymeric diets as primary 
therapy. In addition, in two of these children com- 
plete healing of the intestinal mucosa was demon- 
strated [116]. 

So far, objective data has shown: 

1 Steroids are the most effective and the cheap- 
est form of treatment in acute attacks of IBD. The 
high rate of severe side effects of this treatment pre- 
cludes its use for long periods of time, even at low 
doses, in all cases. This is very important in some pa- 
tient populations (children, adolescents and elders), 
where treatments should be especially short. 

2 Alternative drugs to steroid treatment, although 
effective, should be incorporated in earlier stages 
of the treatment, and need to be closely monitored 
because they may be associated with serious side 
effects. 

3 In randomised controlled trials (RCT), enteral 
nutrition is effective in greater than 60% in all type 
of patients with Crohn's disease (excluding fistulis- 
ing and perianal disease). This percentage of effec- 
tiveness is very unlikely to be due to a placebo effect, 
since it is two to three times higher than that ob- 
tained by placebo in all classical studies. It is worth 
noting that when analysing the therapeutic effect of 
enteral nutrition in CD, only those patients achiev- 
ing complete remission (as evaluated by different 
indices and biological parameters) have been taken 
into account. The term 'response' as representative 
of a certain decrease in the activity index has been 
very seldom used in these studies. In this sense the 
outcome criterion used in nutritional studies tends 
to be more stringent than that used in many drug 
RCTs. 

4 Elemental diets decrease intestinal permeabil- 
ity in CD [89] and diminish the excretion of pro- 
inflammatory cytokines in the stools [90]. 



5 There may be, then, certain groups of patients 
with a more favourable response to the treat- 
ment with enteral diets (small intestinal involvement 
rather than colonic involvement only in CD). Con- 
ventional or fat modified enteral formula diets have 
not shown effectiveness in UC. 

6 The analyses of the characteristics of the diets 
used in clinical trials suggest that the quantity and 
quality of the fat content, rather than the use of 
aminoacids as nitrogen source, may be a key factor 
in obtaining a more favourable response with this 
therapy. Low-fat-containing diets obtain the higher 
remission rates. 

7 Soluble oligosaccharides have been shown to be 
effective in refractory pouchitis and soluble fibre has 
been shown to be effective in maintaining remission 
inUC. 

Can nutrition be used in the year 2006 as 
primary treatment in inflammatory 
bowel disease? 

It can be said, without fear of over-interpreting the 
data shown in this chapter that, rather than steroids, 
enteral nutrition is indicated, as first choice treat- 
ment in CD in children and adolescents. In addi- 
tion to the observed clinical, biological and endo- 
scopic anti-inflammatory effect, nutritional therapy 
will prevent or minimise growth failure, sexual de- 
velopment delay and osteopenia. This recommenda- 
tion should apply not only to the first attack, but also 
in any relapse, especially when the activity could be 
classified as moderate. 

For similar reasons, especially those related to 
maintaining bone mass, enteral nutrition can be seen 
as the first possible treatment in elderly patients with 
CD, mainly because there is a strong possibility that 
they may have previously received various long-term 
treatments with glucocorticoids. 

Enteral diets should be tried in new onset attacks 
at all ages, because avoiding steroid side effects, in 
addition to being the aim of the doctor, is often a 
request of these patients, especially youngsters. In 
general, this should be the first therapeutic approach 
in all mild to moderate acute attacks, mainly when 
there is small intestine or ileocolonic involvement. 
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Also, this therapeutic approach may be a safer 
way of starting the treatment in patients with a pos- 
sible undiagnosed abdominal abscess. It has been 
reported that steroid administration in such cases 
may increase mortality due to septic complications 

[5,17]. 

Enteral nutrition can be used as maintenance 

treatment in children in whom, in addition to keep- 
ing the disease in remission, it maintains linear 
growth or results in catch-up linear growth. In fact, 
some reports also suggest that enteral nutrition, as 
a complement to a low-fat diet is a useful tool in 
maintaining remission in adults. 

There is, at least one more situation in which en- 
teral nutrition might be of great therapeutic value. 
In steroid-dependent disease the use of enteral nutri- 
tion provides the possibility of avoiding the use of 
immunosuppressive drugs and their potential side 
effects. Unfortunately, there are not enough data to 
support this indication. 

One further point is the type of enteral diet to 
be used. From the data available, elemental (amino 
acid) or semi-elemental (small peptide) based di- 
ets, with very low-fat content, are the first choice 
to be used in acute CD as well as in maintenance 
treatment. However, polymeric diets (whole protein 
based), with low-fat content should be tried because 
most cases will respond to them. These diets have the 
advantage of being, for most patients, much more 
palatable and always much cheaper than elemental 
diets. Although data regarding the optimal type of 
lipids or fat source to be used in these diets are still 
not certain, it is obvious that the therapeutic effect 
does not rely only on one or two single fatty acids. 
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16: Do antibiotics have a role in Crohn's disease? 
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Introduction 

Patients with IBD require extensive treatment as a 
result of the chronic relapsing nature of their dis- 
ease. Medical management includes oral and topical 
5 -aminosalicylates, systemic corticosteroids, budes- 
onide, immunosuppressive agents, biological thera- 
pies like monoclonal anti-TNFct antibodies (inflix- 
imab) as well as antibiotic treatment. Antibiotics 
have been used empirically by many physicians for 
several years in the treatment of Crohn's disease 
(CD), although no causative micro-organism has 
been identified for CD and there is a lack of con- 
trolled trials to validate this approach. It is surpris- 
ing that most of the studies concerning microbio- 
logical factors in Crohn's disease date from some 
zo years ago. Studies of the flora using new tech- 
niques such as PCR are scarce. One of the reasons 
why these drugs were used initially is that the clin- 
ical picture of Crohn's disease, certainly when of 
acute onset, very much resembles that of an acute 
infectious episode. Moreover, Crohn's disease in its 
chronic phase is characterised by histologic lesions 
very similar to those detected in intestinal tuber- 
culosis. Mycobacteria (especially Mycobacterium 
paratuberculosis) remain one of the putative causal 
agents of Crohn's disease and antimycobacterial 
strategies have been used. 

Why antibiotics act beneficially on the clinical 
course of Crohn's disease is unclear, although sev- 
eral theories have been proposed [i]. It is possible 
that bacterial antigenic triggers initiate a heightened 
immune response and lead to inflammation. Besides 
their antibacterial action, some antibiotics such as 



metronidazole or quinolones also have potential 
immunosuppressive properties [z]. Enteric bacteria 
play a role in the pathogenesis of certain complica- 
tions of Crohn's disease, including abscesses and fis- 
tulae, and antibiotics are used in the treatment of pe- 
rianal fistulae, entero-enteric and entero-cutaneous 
fistulae. Bacterial overgrowth caused by strictures 
and blind loops responds well to antibiotic ther- 
apy. Furthermore, the fact that Crohn's lesions are 
mainly located in segments of the bowel harbouring 
extremely high bacterial counts and where the tran- 
sit is slow, e.g. proximal to valves, suggests that bac- 
teria play an important role [3]. There is more clin- 
ical evidence that bacteria may play a primary role 
in the aetiopathogenesis of Crohn's disease. Diver- 
sion of the faecal stream by split ileostomy settles the 
activity of severe Crohn's colitis although the effect 
may not last [4]. Endoscopic studies after surgery 
have suggested that bacteria are important in recur- 
rence: patients with a terminal ileostomy proximal 
to the ileo-colonic anastomosis did not experience 
recurrent disease until the ileostomy was closed. In- 
fusion of ileal contents in this protected segment 
of the bowel immediately caused inflammatory le- 
sions [5]. The prominence and virulence of E. colt 
strains associated with the ileal mucosa in recurrent 
Crohn's disease after ileal resection was studied by a 
French group. They recovered E. coli from 65% of 
chronic lesions (resected ileum) and from 100% of 
the biopsy specimens of early lesions (post-operative 
endoscopic recurrence). E. Coli strains associated 
with ileal mucosa of patients with Crohn's disease 
adhered preferentially to differentiated Caco-2 cells, 
corresponding to mature intestinal cells. In addition 



206 



DO ANTIBIOTICS HAVE A ROLE IN CROHN'S DISEASE? 207 



21.8% of the strains induced a cytolytic effect by 
synthesis of a a-hemolysin. Therefore, the combi- 
nation of adhesive ability and synthesis of a cy- 
totoxin would allow the bacteria to colonise in- 
testinal epithelium, to damage intestinal cells and 
to participate in the inflammatory progress [6]. In 
a subsequent recent study from the same group, 
the prevalence of these adherent-invasive E. coli 
(AIEC) in the intestinal mucosa of patients with CD, 
UC and in controls was studied in detail [7]. The 
presence of E. coli virulence genes was assessed by 
polymerase chain reaction and DNA hybridisation. 
AIEC strains were found specifically in ileal mucosa 
of CD (21.7% of CD chronic lesions versus 6.2% of 
controls). In colonic specimens, AIEC strains were 
found in 3.7% of CD patients, 0% of UC patients 
and 1.9% of controls. 

Metronidazole 

Metronidazole is an imidazole component with ac- 
tivity against protozoa and most gram-negative and 
gram-positive anaerobic bacteria. It is the most 
widely used antibiotic in the treatment of Crohn's 
disease, especially in perianal disease. Metronida- 
zole has an activity against protozoa such as Giardia 
lamblia, Entamoeba histolytica and Trichomonas 
vaginalis, for which the drug was first approved 
as an effective treatment. Anaerobic gram-negative 
bacteria that are sensitive to the drug include 
bacteroides and Fusobacterium spp. gram-positive 
anaerobic bacteria include peptostreptococci and 
Clostridium spp. However, higher percentages of 
resistance are found compared to gram-negative 
anaerobic spp. Metronidazole might also suppress 
cellular immunity [2]. Its effectiveness has first been 
reported in perianal disease [8] and the drug seems 
most effective in perianal complications of Crohn's 
disease, but no controlled trials are available to sup- 
port this hypothesis. However, several uncontrolled 
trials and also clinical experience suggest efficacy 
for this indication [9-12]. Metronidazole is started 
at a dose of 20 mg/kg and usually the dose is re- 
duced to 10 mg/kg when improvement or remis- 
sion is achieved. A small study showed no advan- 
tage of adding metronidazole to sulphasalazine or 
steroids for the treatment of Crohn's disease [10]. 



Bernstein and colleagues reported complete heal- 
ing in 10 of 18 patients with unremitting perianal 
Crohn's disease treated with metronidazole [11]. In 
a follow-up study, all patients had recurrence of 
their symptoms when the drug was discontinued, 
but promptly responded to reinstitution of full-dose 
therapy [12]. 

Two large trials have compared metronidazole 
to sulphasalazine and to placebo in small bowel and 
colonic CD. In a well-designed study in Sweden [13, 
14], metronidazole 800 mg/day was compared with 

3 g of sulphasalazine per day for active Crohn's 
disease. In this study lasting for 4 months, both 
drugs were equally effective. Only 25% of the 
metronidazole-treated patients entered remission, 
compared with 39% in the sulphasalazine group. 
Another 27.5% showed CDAI improvement after 

4 months of therapy. A negative point of this study, 
however, is that no placebo group was included. 
A North American study randomised 105 patients 
to treatment with placebo or metronidazole, either 
10 or 20 mg/kg/day for 4 months. Bearing in mind 
that only 56 patients (53%) completed the planned 
16 weeks of follow-up, no difference was seen in 
achieving remission between the groups. However, a 
significantly higher decrease in inflammatory mark- 
ers in serum and in CDAI score was observed in the 
metronidazole group (improvement of 97 points for 
metronidazole 20 mg/kg, 67 points for metronida- 
zole 10 mg/kg, worsening of 1 point for placebo, 
p = 0.002). However, metronidazole was not effec- 
tive in disease limited to the small bowel [15]. 

The efficacy of metronidazole in preventing 
recurrence after surgery was assessed in 60 pa- 
tients receiving either metronidazole (20 mg/kg/day 
started within 7 days after ileocolonic resection) for 
3 months or placebo. Endoscopic activity at the 
end of 3 months was investigated [16]. Although 
there was no difference in the overall endoscopic 
recurrence rate, severe lesions were found more 
frequently in the placebo group (43%) than in 
the metronidazole group (13%, p = 0.02). Symp- 
tomatic recurrence also seemed to be delayed by this 
therapy. In a recent study, the efficacy of ornidazole 
for the prevention of clinical recurrence of Crohn's 
disease after curative ileocolonic resection was as- 
sessed [17]. Ornidazole is thought to be associated 
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with fewer side effects than metronidazole. Eighty 
patients were randomised to ornidazole i g/day or 
placebo started within i week of resection and con- 
tinued for i year. The primary end-point was the 
proportion of patients with clinical recurrence at 
i year. Ornidazole significantly reduced the recur- 
rence rate at i year from 15/40 (37.5%) in the 
placebo group to 3/38 patients (7.9%) in the ornida- 
zole group (p = 0.0046; OR 0.14; 95% CI 0.037- 
0.546). Ornidazole also reduced endoscopic recur- 
rence (secondary end-point) at 12 months from 
26/33 (79-T- 0/, °) m tne placebo group to 15/28 
(53.6%) in the ornidazole group (p = 0.037; OR 
0.31; 95% CI 0.10-0.94). However, more patients 
discontinued therapy because of side effects in the 
ornidazole group (« = 12) than in the placebo group 
(n = 5) and also significantly more side effects oc- 
curred in the ornidazole group (n = 26) than in the 
placebo group (n = 12). 

Side effects 

Metronidazole is generally well tolerated but side 
effects occur in 1-20% of patients and include most 
often nausea, gastrointestinal intolerance, neuro- 
toxicity and a metallic taste. Long-term treatment 
can give rise to peripheral neuropathy and is charac- 
terised by paresthesiae in the extremities [18]. The 
highest incidence of side effects is reported in pa- 
tients treated for perianal disease, which normally 
requires very long treatment. In this sub-group up 
to 50-8 5 % of patients reported intolerance. The ad- 
verse effects are reversible with discontinuation of 
the drug, although the neuropathy can occasionally 
last long after metronidazole is stopped. 



Pregnancy 

In humans, the antibiotic seems to be safe, although 
some mutations and teratogenicity are reported in 
animal studies. Available evidence suggests that the 
drug does not adversely affect foetal outcome. In a 
retrospective study comparing 1387 women who re- 
ceived metronidazole during pregnancy to the same 
number of controls, no differences in pregnancy out- 
come or birth defect occurrences were seen [19]. 
There is also no evidence that metronidazole is 



unsafe during breastfeeding. Although low levels of 
the drug are found in breast milk, these are less than 
the usual paediatric dosages and are very unlikely to 
have harmful effects. However, caution is required. 

Ciprofloxacin 

Ciprofloxacin is a quinolone derivative with a selec- 
tive action against E. coli and aerobic enterobacte- 
riaceae, and hence a selective suppressive agent for 
the intestinal microflora. Bacteroides and Clostrid- 
ium spp. are not affected by this drug. Interestingly, 
ciprofloxacin has a very high concentration in fae- 
ces. Anecdotal reports on the benefit of this antibi- 
otic in Crohn's disease were first reported in 1990 
[20]. Ciprofloxacin has been used for both peri- 
anal disease and ileitis. In a number of open studies 
ciprofloxacin either alone or in combination with 
metronidazole was effective on symptoms [20], for 
controlling active disease [21] and for treating fistu- 
lae and abscesses [22]. 

A randomised controlled study from the 
French GETAID group investigated the efficacy of 
ciprofloxacin compared with mesalazine in treat- 
ing active Crohn's disease [23]. Patients with a mild 
to moderate flare-up of Crohn's disease were ran- 
domised to receive ciprofloxacin 1 g/day or mesa- 
lazine 4 g/day for 6 weeks. Complete remission 
was observed in 10/18 patients (56%) treated with 
ciprofloxacin and 1 2/22 patients (55%) treated with 
mesalazine, the authors concluded that ciprofloxa- 
cin 1 g/day is as effective as mesalazine 4 g/day in 
treating mild to moderate relapses of Crohn's dis- 
ease. The study was limited by the lack of a placebo 
control group since the efficacy of mesalazine in 
Crohn's disease is not well established. 

A combination of metronidazole and 
ciprofloxacin has shown to be effective in the 
treatment of acute Crohn's disease as an alternative 
to steroids. Prantera etal. randomised 41 refractory 
or steroid-dependent Crohn's disease patients to 
either a combination of 1000 mg of ciprofloxacin 
and 1000 mg of metronidazole or methylpred- 
nisolone 0.70-1 mg/kg for 12 weeks [24]. Forty-five 
per cent (10/22) of patients achieved remission 
with antibiotic treatment versus 63% (12/19) with 
methylprednisolone. The best results occurred after 
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6 weeks of treatment. However, there were more 
side effects in the antibiotic arm and 6 patients 
withdrew because of side-effects in comparison 
with only 2 on steroids. 

A double-blind multi-centre study of patients 
with active Crohn's disease randomised patients to 
ciprofloxacin and metronidazole, both 500 mg twice 
daily, or placebo for 8 weeks [25]. All patients re- 
ceived oral budesonide 9 mg once daily. Of the 130 
patients who were randomised, 66 received placebo 
and 64 received antibiotics. At week 8, 33% of pa- 
tients taking antibiotics were in remission as com- 
pared with 38% in the placebo group (not signif- 
icant). The authors concluded that the addition of 
ciprofloxacin and metronidazole to budesonide is 
an ineffective intervention. Finally, a prospective 
study by Dejaco et al. [26] investigated the use of 
antibiotics as a bridging therapy. In this study, 52 pa- 
tients were given an 8 -week regimen of ciprofloxacin 
(500-1000 mg/day) and/or metronidazole (1000- 
1 500 mg/day) and were started on azathioprine after 
8 weeks of antibiotic treatment. Overall, 2.6 patients 
(50%) responded to antibiotic treatment, with com- 
plete healing in 25% of patients at week 8. The au- 
thors concluded that antibiotics are useful to induce 
a short-term response in perianal Crohn's disease, 
and may provide a bridging strategy to azathioprine, 
which seems to be essential for the maintenance of 
fistula improvement. 

Side effects 

Side effects are reported between 15 and 30% of 
patients. The severity of side effects depends on 
the dose and the duration of treatment. The most 
reported symptoms include gastrointestinal com- 
plaints. Skin eruptions, an increase in transaminase 
levels and even transient ischemic attacks have been 
described. 

Broad spectrum antibiotics 

In a study performed by Moss and co-workers, 
44 patients were treated for at least 6 months 
with broad-spectrum antibiotics in combination 
with glucocorticosteroids or sulphasalazine. They 
reported improvement of X-ray abnormalities in 



57% of patients [27]. Anecdotal reports also 
suggest benefit from treatment with trimethoprim- 
sulphamethoxazole in the treatment of Crohn's 
disease [28, 29]. 

Clarithromycin is a broad-spectrum macrolide 
antibiotic with a good tissue penetration. In an 
open-label study by Leiper et al., 25 patients with 
active CD were treated with oral clarithromycin 250 
mg b.d. for 4 weeks, and continued to 12 weeks in 
patients who had shown a partial or complete re- 
sponse [30]. Twelve patients (48%) achieved remis- 
sion (defined as a Harvey-Bradshaw index <\) at 
week 4, and 8 patients remained in remission on 
treatment at week 12. However, when the treat- 
ment with clarithromycin was stopped, 5 patients 
relapsed after a median of 5 months (range 4-9). 
Randomised controlled trials are needed before 
definitive conclusions can be made. 



Antimycobacterial agents 

Mycobacterium paratuberculosis has been identi- 
fied in tissues from a higher proportion of Crohn's 
disease patients than controls, suggesting that it may 
be one of the causes of Crohn's disease. The possi- 
ble involvement of M. paratuberculosis in Crohn's 
disease has led several investigators to use an- 
timycobacterial therapy. However, several placebo- 
controlled trials have failed to show consistent 
benefit of combination approaches. Six placebo- 
controlled trials using antimycobacterial therapy 
have been carried out in Crohn's disease [31-36]. 
These are summarised in Table 16.1. Treatment 
ranged from 6 to 24 months, but significantly higher 
remission rates were not obtained at the end of 
the study in the treated patients compared to the 
placebo group, although trends were detected. In 
the trials where this was investigated, no healing of 
Crohn's lesions in the bowel was observed. A meta- 
analysis on the effect of antimycobacterial therapy 
in Crohn's disease concluded that this therapy was 
only effective in maintaining remission in patients 
who had had a course of corticosteroids combined 
with antimycobacterial therapy to induce remission. 
Treatment of Crohn's disease with antimycobacte- 
rial therapy does not seem to be effective without a 
course of corticosteroids to induce remission [37]. 
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Table 16.1 Placebo-controlled trials of anti-mycobacterial therapy in Crohn's disease. 



Elliot et al. Digestion 1982 
Shaffer et al. Gut 1984 
Basilisco et al. Gun Ther Res 1989 
Afdhal et al. Dig Dis Sci 199 1 
Swift et al. Gut 1994 

Prantera et al. Am ] Ge 1994 







Duration 




Drug(s) 


Number 


(months) 


Remission 


Sulphadoxine + Pyrimethamin 


5 1 


12 


33% vs 41.6% 


Rifampicin + Ethambutol 


2.7 


12 


13 withdrawals 


Rifabutin 


2.4 


6 


42% vs 50% 


Clofazimine 


49 


12 


48% VS2 5 % 


Rifampicin + Ethambutol + 


126 


2-4 


NS 


Isoniazide 








E + C + D + R* 


40 


9 


50% vs 22.2% 
no healing 



*E = Ethambutol, C — Clofazimine, D — Dapsone, R — Rifampicine. 



Two open trials also were negative. Quadruple 
antimycobacterial therapy for 9 months in 20 pa- 
tients resulted in remission in 50% of patients [38]. 
Our centre studied 10 patients and specifically ad- 
dressed tissue healing in Crohn's patients treated 
with rifabutin-ethambutol. None of the 10 patients 
treated for 6 months and none of five patients 
treated for 12 months showed clinical remission, 
and with repeated ileocolonoscopies no improve- 
ment or healing was observed in the neoterminal 
ileum [39]. A preliminary report on remission ob- 
tained with 3 months of either clarithromycin or 
placebo made the authors suggest that the benefi- 
cial effect might be due to the efficacy against M. 
paratuberculosis [40]. 

The combination of rifabutin with a macrolide 
antibiotic (clarithromycin or azithromycin) has been 
investigated in three open-label studies. The first by 
Gui et al. treated 52 patients with severe Crohn's 
disease with the combination of rifabutin and clar- 
ithromycin or azithromycin [41]. Six (11.5%) were 
intolerant of the medication and had to be excluded 
from the study. Patients were treated for a mean 
of 18.7 (range 6-35) months and followed up for 
25.1 (range 7-41) months. Of the 19 patients who 
were steroid-dependent at the start of the study, 
only 2 continued to require steroids after the study. 
A reduction in the Harvey-Bradshaw Crohn's dis- 
ease activity index occurred after 6 months of treat- 
ment (p = 0.004, paired Wilcoxon test) and was 
maintained at 24 months (p < 0.001). Inflamma- 
tory parameters, as measured by erythrocyte sedi- 
mentation rate and C-reactive protein, improved at 



18 months (p = 0.009 an d p = 0.03 respectively) 
compared with pre-treatment levels. There was also 
an increase in serum albumin levels at 12 months 
(p = 0.04). Patients with pan-intestinal disease re- 
sponded better as a subgroup at 2 years compared 
with patients with less-extensive involvement ( p = 
0.04, Mann- Whitney). There was no difference in 
response to treatment with age, duration of disease, 
the presence of granulomas on histology or the oc- 
currence of drug-induced side-effects. The results of 
this study suggest that combination therapy with ri- 
fabutin and macrolide antibiotics may improve the 
clinical course of Crohn's disease. 

Shafran et al. treated 36 active CD patients, 
whose sera tested positive against p3 5 and P36 anti- 
gens (two recombinant proteins of Mycobacterium 
avium subsp. paratuberculosis), with rifabutin (150 
mg b.i.d) and clarithromycin (250 mg b.i.d) and re- 
sponse was monitored over a period ranging from 
4 to 17 months [42]. Seven patients (19.4%) with- 
drew from the study because of intolerance. Of the 
remaining 29 patients, 21 (58.3%) responded (de- 
fined as a 70 points decrease in the CDAI). Three pa- 
tients (8.3%) noticed significant improvement, but 
required additional Crohn's medication to achieve 
and sustain improvement. Only 5 patients (13.8%) 
were non-responders. Finally, in the study by Borody 
and co-workers 12 patients with severe, obstruc- 
tive or penetrating Crohn's disease failing maxi- 
mal therapy were started on a combination of ri- 
fabutin (450 mg/day), clarithromycin (750 mg/day) 
and clofazimine (2 mg/kg/day) [43]. Six patients 
(50%) achieved complete clinical, colonoscopic and 
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histologic remission of Crohn's disease. Four of 
these patients were able to cease treatment after 
24-46 months, 3 of whom remained in total remis- 
sion without treatment for up to 26 months and 
one patient relapsed after 6 months off treatment. 
A partial response was seen in 2 patients showing 
complete clinical remission with mild histologic in- 
flammation. 

Conclusion 

The role of antibiotics in the treatment of Crohn's 
disease is not yet well defined. Clinicians sometimes 
have the impression that treatment with glucocorti- 
costeroids makes patients more treatment-resistant 
and often treat their patients with first-line antibi- 
otics. Antibiotics work in perianal disease although 
controlled trials are lacking. For active disease, a 
40% remission rate is seen and is comparable with 
the efficacy of sulphasalazine or 5-ASA; however, 
more side effects are reported. 

Only metronidazole for the treatment of Crohn's 
disease has been adequately studied in controlled tri- 
als but other antibiotic studies are pending. How- 
ever, many more good clinical trials are needed, in- 
cluding the comparison of glucocorticosteroids and 
antibiotics for long-term. Also, placebo-controlled 
trials of metronidazole in perianal Crohn's dis- 
ease are needed. The promising results with clar- 
ithromycin need confirmation. Whether antibiotics 
to prevent post-operative recurrence of Crohn's 
disease should be used requires further study. 
Long-term follow-up studies (1-2 years) are also 
needed. 
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17: The optimal use of infliximab in Crohn's disease 

Geert D'Haens 



Introduction 

In recent years, a great deal of insight into the patho- 
physiology of Crohn's disease has been established. 
The pro-inflammatory cytokine TNF was shown to 
play a pivotal part in the orchestration and ampli- 
fication of the inflammatory process and therefore 
received a lot of attention as a potential target for 
therapeutic intervention. Preliminary trials with the 
chimeric antibody infliximab, directed against TNF, 
immediately revealed the extreme potency of this 
novel agent. Further controlled and uncontrolled tri- 
als have confirmed the strong anti-inflammatory ef- 
fects of infliximab and led to its rapid appearance 
on the international market. Whereas the mecha- 
nism of action of infliximab was originally believed 
to be the binding of biologically active TNF freely 
present in the lamina propria and expressed on in- 
flammatory cells, it soon became clear that this bind- 
ing phenomenon had to be followed by comple- 
ment binding and activation, leading to apoptosis of 
the activated inflammatory TNF-bearing cells. This 
mechanism of action was elegantly demonstrated in 
a recent experiment by van den Brande et al. explain- 
ing the difference between infliximab and the recom- 
binant P75 TNF receptor etanercept [i]. Whereas 
infliximab induced apoptosis of inflammatory cells, 
etanercept only bound to TNF without affecting the 
cells themselves. Besides infliximab, several other 
strategies that interfere with the biologic effects of 
TNF have been developed, such as recombinant sol- 
uble receptors targeting TNF and other (more hu- 
manised) antibodies inactivating TNF. These agents 
will not be discussed in this chapter. 



Use of infliximab for active refractory 
Crohn's disease 

Initially, infliximab was given as a single infusion 
at 5 mg/kg body weight for active luminal Crohn's 
disease. More than 8o% of the patients who were 
enrolled in the initial trials had a response to this 
treatment (defined as a drop in the clinical score 
CDAI of more than 70 points) [2]. Endoscopic sub- 
studies revealed a remarkable degree of rapid mu- 
cosal healing and disappearance of inflammatory 
cells in biopsies collected from all segments of the 
colon and the terminal ileum [3, 4], This initial 
response was observed in all patient subgroups 
to the same degree: whether patients were taking 
and failing immunosupressives, corticosteroids or 
aminosalicylates, whether they had undergone prior 
surgical resection and regardless of the location and 
type of Crohn's disease, all improved to the same 
degree [2]. Post hoc analysis of larger patient co- 
horts suggested a greater clinical improvement in pa- 
tients with higher serum CRP levels, in patients with 
colonic disease and in patients using immunomodu- 
latory drugs such as azathioprine, 6-mercaptopurine 
and methotrexate [5, 6]. It soon became clear, how- 
ever, that the clinical benefit of infliximab treat- 
ment slowly disappeared 8-16 weeks following the 
first infusion, an observation that prompted fur- 
ther treatment with regular 'repeated' infliximab 
infusions as maintenance therapy [7]. The large 
ACCENT- 1 trial randomised more than 500 pa- 
tients who had an initial clinical response to a sin- 
gle 5 mg/infusion to: (1) further induction treat- 
ment with two additional 5 mg/kg infusions at week 



213 



2i 4 CHAPTER 17 



2 and 6 followed by subsequent 8-weekly infusions 
of either 5 or 10 mg/kg or (2) subsequent placebo 
infusions at week 2 and 6 and further on every 
8 weeks. Patients losing their initial response were 
given the option to 'step-up' to a higher dose level 
or to switch from placebo to active treatment. Clin- 
ical response improved from week 2 to week 10 in 
the 3 -dose induction group (from 58 to 69%) com- 
pared to practically no improvement in the placebo 
group. Among patients who had an initial response 
but lost this response and crossed over to a higher 
dose, 90% regained a response when crossed over 
from 5 to 10 mg/ kg and 80% when crossed over 
from 10 to 15 mg/ kg. Fifty- three per cent of the 
patients receiving 10 mg/kg of infliximab as main- 
tenance treatment still had a clinical response at the 
end of the year, versus 43% with 5 mg/kg and 17% 
with placebo, although many patients in the placebo 
group had received active medication on relapse dur- 
ing the trial. Virtually all corticosteroid-dependent 
patients could taper and discontinue their steroids 
completely after a mean period of 22 weeks. More 
than half of the patients treated with 1 o mg/kg main- 
tenance infusions every 8 weeks were found to have 
complete healing of the ulcerative lesions, signifi- 
cantly more than in the placebo group (only 1/17) 
[8]. Adverse events were relatively mild and uncom- 
mon: serious infections occurred in 3.8% (one case 
of tuberculosis), delayed hypersensitivity in 2.4%, 
acute infusion reactions in 1%. Although this trial 
could not really demonstrate the superiority of the 
three-dose induction regimen, it clearly showed the 
benefit of regular maintenance therapy in terms of 
clinical remission, improved quality of life, better 
endoscopic healing and fewer hospitalisations and 
need for surgical interventions [9]. 

While the ACCENT- 1 trial was running, a rather 
large patient cohort was treated on an 'on-demand' 
base in a Belgian compassionate-use programme. 
Many of these patients developed infusion reactions 
during or after repeated administration and experi- 
enced a gradual loss of response to the treatment. 
The explanation of this phenomenon was found 
in the appearance of antibodies to infliximab (ATIs) 
in the majority of patients treated in this pro- 
gramme. The level of antibodies correlated with 
the risk of allergic reactions and loss of response. 



Patients who were concomitantly using im- 
munomodulatory medication generally had lower 
antibody titres [10]. 

Given the important consequences of loss of 
response to the patients' general well being and 
further therapeutic options, several strategies were 
examined in order to avoid this problem. Besides 
immunomodulation (which should be used in 
virtually all patients receiving infliximab) and 
'automatic' retreatment (on an average every 8 
weeks), pre-treatment with corticosteroids such 
as hydrocortisone has been shown to be effective. 
In an elegant trial by Farrell and colleagues, it 
was clearly demonstrated that antibody formation 
and allergic reactions were significantly reduced if 
patients received 200 mg of hydrocortisone IV prior 
to infliximab therapy [11]. Undoubtedly, further 
'humanisation' of the anti-TNF antibody will 
further reduce the risk of antibodies and allergies. 

Use of infliximab for fistulising 
Crohn's disease 

For fistulising disease, a series of three infusions 
(week o, 2 and 6) has been the recommended dose 
for induction of response, resulting in 'closure' of all 
fistulas (defined as discontinuation of purulent dis- 
charge) in 46% of patients, with a maximum effect 
at week 6 (52% of the patients). The onset of re- 
sponse was rapid, but the duration of this effect was 
in most cases limited to only 3 or 4 months [12]. Ex- 
perience outside clinical trials confirmed this rather 
short-term effectiveness. For this reason, the initial 
trials were followed by a large maintenance trial 
for fistulising Crohn's disease, named 'ACCENT-2' 
[13]. Three hundred and six patients with actively 
draining enterocutaneous fistulas were treated with 
three induction infusions. Sixty-nine of them re- 
sponded and were treated further with 5 mg/kg 
maintenance infusions or placebo every 8 weeks. Pa- 
tients who lost response (defined as discontinuation 
of fistula drainage in more than 50% of fistulae) 
were switched from placebo to active treatment at 
5 mg/kg or from 5 to 10 mg/kg. At the end of the trial 
(week 54), 46% of the patients on active retreat- 
ment had a fistula response versus 23 % of those on 
placebo (p = 0.001). Complete response (all fistulae 
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closed) was observed in 36% of patients on active 
treatment versus in 19% on placebo (p = 0.009). 
The most common adverse event was fistula-related 
abscess formation, observed in 13 patients on inflix- 
imab maintenance and in 19 patients on placebo. 

In the absence of studies validating their use as 
surrogate markers for perianal fistulising disease, a 
number of studies looked at fistula healing using 
endosonography and magnetic resonance imaging. 
These studies revealed that the majority of fistulas 
had not completely disappeared after three infusions 
and that further treatments led to improved fistula 
outcome [14, 15]. 

Infliximab alone and infliximab as an adjunct 
to examination under anaesthesia and seton place- 
ment was compared in a group of 32 consecutive 
patients with fistulising Crohn's disease. The group 
with combined approach achieved a better initial re- 
sponse (100% vs 82.6%, p = 0.014), had lower re- 
currence rates (44% vs 79%, p = 0.001) and longer 
time to recurrence (13.5 months vs 3.6 months, 
p = 0.0001) compared with patients receiving in- 
fliximab alone [16]. It is clear that perianal and 
pelvic sepsis needs to be looked for and appropri- 
ately drained before infliximab therapy is initiated. 
Removal of seton drains can be considered when 
drainage has ceased completely, in the majority of 
cases after two to four infusions. 

How safe is infliximab? 

Several serious health problems with the use of in- 
fliximab have become apparent during the first years 
of its development, among which the reactivation of 
tuberculosis, the occurrence of immediate and late 
allergic reactions and the aggravation of congestive 
heart failure and demyelinating disorders have been 
the most significant ones. Reactivation of latent tu- 
berculosis has even led to a few fatalities in the first 
years of anti-TNF therapies [17]. The human im- 
mune system indeed appears to need TNF to kill 
intra-cellular pathogens such as Mycobacterium tu- 
berculosis. Of all documented TB cases, 75% were 
diagnosed within the first three infusions and 97% 
within the first six infusions. It has since been recog- 
nised that this problem may occur with all types 
of anti-TNF treatment and that the problem can 



largely be prevented with strict measures: taking a 
history for prior tuberculosis exposure and using 
PPD skin tests and systematic chest X-rays have been 
standard recommendations that were added to the 
drug label and have reduced the incidence of TB 
reactivation to practically zero. Patients with signs 
of TB exposure can still be treated with infliximab, 
but need to receive prophylactic treatment with iso- 
niazide (and pyridoxine) for 6-12 months. 

Acute infusion reactions occur during or 
shortly after infusion and typically consist of fever, 
chills, nausea, dyspnoea and headaches. Delayed 
reactions, characterised by myalgias, arthralgias, 
fever, rash, pruritus, facial, hand or lip oedema, 
dysphagia, urticaria, sore throat and headache 
may occur 3-12 days after infusion. Although the 
mechanisms of these reactions are not yet clearly 
defined, emerging evidence indicates that these 
reactions may be associated with the immune 
response against infliximab and the development of 
antibodies to infliximab (ATIs). In a cohort study 
where patients were retreated on an 'on demand' 
basis, occurrence of these antibodies were measured 
in 61 % of the patients after a mean of 3 .9 infusions. 
The presence of ATI at concentrations more than 
or 8.0 u.g/mL prior to an infusion was predictive of 
a shorter duration of response (35 days vs 71 days, 
p < 0.001) and carried a higher risk of infusion 
reactions (RR 2.40, p < 0.001). Concomitant 
immunosuppressive therapy suppressed the forma- 
tion of ATI with 24/56 (43%) patients receiving 
immunosuppressives developing ATI as compared 
to 52/69 (75%) patients without immunosuppres- 
sives. This resulted in higher serum infliximab 
concentrations in the immunosuppressive group 4 
weeks after the infusion (p < 0.001) [10]. 

Other factors that may be protective by help- 
ing to establish immune tolerance for the foreign 
infliximab protein include administration of corti- 
costeroids, starting infliximab therapy with a o, 2 
and 6-week induction regimen, 'automatic' main- 
tenance dose administration with infusions every 8 
weeks or less, and avoiding long periods between 
infusions [18]. Treatment with 200 mg hydrocorti- 
sone prior to the infusion diminished the formation 
of ATI from 42 to 26% of patients, accompanied by 
a decrease in infusion reactions from 24 to 15%. 
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In this study, ATI positivity was associated with 
lower remission rates (0% vs 70%), lower clinical 
response rates (48% vs 86 %) higher rate of infusion 
reactions (40% vs 4.7%) and occurrence of severe 
infusion reactions (28% vs 0%) [11]. All together, 
it seems to be of paramount importance to prevent 
antibody formation with all possible means in order 
not to jeopardise future treatment in patients who 
are often refractory to other treatments. 

Another safety problem is the deterioration of 
congestive heart failure. Initially, it was believed 
that infliximab could actually be used to treat heart 
failure, but the therapeutic trial investigating this 
problem had to be discontinued due to increased 
mortality in patients receiving infliximab. For 
this reason, infliximab should not be given to 
patients with congestive heart failure with NYHA 
classification 3 or 4. 

Demyelinating neurological diseases such as 
multiple sclerosis have been reported to deteriorate 
with infliximab therapy. Only a few cases have been 
published, but extreme caution is warranted given 
the severity of this potential side effect. 

Given the widespread use of infliximab world- 
wide, more attention is now being given to long- 
term toxicity. The TREAT registry included 5807 
patients with Crohn's disease (2850 treated with in- 
fliximab and 2.957 controls) at academic and com- 
munity practices in the United States and was estab- 
lished to study long-term safety issues. For a mean 
follow up of 0.9 years no differences in mortality 
and cancer were observed. Tuberculosis and conges- 
tive heart failure after infliximab were not reported. 
Infusion reactions occurred in 5.4%, severe reac- 
tions in 0.16%. The incidence of serious infections 
was 1.27 per 100 patient-years within 3 months of 
an infliximab infusion compared to 0.85 per 100 pa- 
tient years in controls. Multiple regression analysis 
showed that the severe infections were more asso- 
ciated with prednisone than with infliximab (RR = 
2.32). In 66 reported pregnancies no differences in 
miscarriage rates and neonatal complications were 
reported. The study's preliminary conclusion stated 
that the safety of infliximab is similar to that of other 
Crohn's disease treatments [19]. 

Another cohort of 500 patients was studied 
at the Mayo clinic, with a median follow-up 



of 17 months [20]. Forty-three patients (8.6%) 
experienced at least one serious adverse event, 30 
of which (6%) were considered at least possibly re- 
lated to infliximab. Fifteen patients ( 3 % ) had serious 
infections (4 with fatal outcome), 2 (0.4%) had se- 
rious infusion reactions, 5 (1%) serum sickness-like 
disease, 3 (0.6%) drug-induced lupus, 2 (0.4%) can- 
cers (1 fatal), 1 (0.2%) non-Hodgkin's lymphoma, 
1 (0.2%) demyelination and 1 (0.2%) worsening of 
heart failure. The majority of infusion reactions oc- 
curred after the second infusion. Five deaths with 
potential association to infliximab were observed, 
corresponding to a mortality rate of 1%. 

Further perspectives with infliximab 

The following pertinent questions with regard to the 
use of infliximab in daily practice are emerging: 

1 Should infliximab be used as a first-line agent in 
patients with newly diagnosed, extensive and severe 
disease or after failure of aminosalicylates? 

2 Should infliximab always be given concomi- 
tantly with immunosupressives? 

3 Should induction therapy with infliximab for ac- 
tive luminal disease always be followed by mainte- 
nance therapy? 

4 Should induction therapy with infliximab for fis- 
tulising disease always be followed by maintenance 
therapy? How to follow and how long to treat pa- 
tients with fistulising disease? 

5 How long should maintenance therapy be con- 
tinued? 

6 What to do if patients lose their response to in- 
fliximab? 

7 Is it safe to use infliximab shortly before surgery? 

8 How can infusion reactions, delayed hypersensi- 
tivity and loss of activity be prevented? 

9 What measures are to be taken before starting 
patients on infliximab? 

10 What markers are available to determine if pa- 
tients will respond to infliximab? 

In the following section we will try to answer 
these questions based on the available literature and 
personal experience. 

1 Should infliximab be used as a first-line agent in 
patients with newly diagnosed, extensive and severe 
disease or after failure of aminosalicylates? 
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Many clinicians nowadays would be inclined to start 
infliximab therapy up-front in patients who present 
with severe debilitating symptoms, including extra- 
intestinal manifestations such as pyoderma gan- 
grenosum or ankylosing spondylitis and in patients 
with important endoscopic lesions or extensive in- 
volvement of the small bowel with or without mal- 
nutrition and growth retardation. Introduction of 
immunosuppressive therapy with 6-mercaptopurine 
was shown to be beneficial in a cohort of chil- 
dren with newly diagnosed Crohn's disease [21]. 
For this and other reasons, 'top-down' therapy 
with early introduction of biological therapy (in 
combination with immunosuppressives) with the 
potential benefit of healing the diseased mucosa, 
hence avoiding further complications, should be 
considered. 

A recent trial in the Belgium and the Netherlands 
looked at this problem in 130 patients with newly 
diagnosed Crohn's disease who were randomised to 
receive 'classic' therapy with corticosteroids or 'top- 
down' therapy with three infusions of infliximab 
in combination with azathioprine. The latter strat- 
egy was found to be superior in terms of clinical 
response 6 and 12 months after diagnosis. Endo- 
scopic healing was clearly more pronounced with 
infliximab and azathioprine. Further data from this 
pivotal trial will shed more light on the safety of 
this aggressive induction schedule and on its bene- 
fit with regard to quality of life and prevention of 
Crohn's-related complications. At this point in time, 
however, the use of infliximab as a first-line agent is 
not (yet) recommended and in the majority of coun- 
tries not reimbursed for this indication. 

In patients where aminosalicylates have failed as 
an induction therapy, especially in those with mild 
to moderate ileocaecal disease, a course of (topical) 
corticosteroids (budesonide) appears to be more ap- 
propriate than an immediate switch to infliximab. 
The high cost of infliximab and the limited avail- 
ability of safety data beyond 10 years still justify the 
use of corticosteroids for a limited period of time, 
provided immunosupressives are added. 
2 Should infliximab always be given concomitantly 
with immunosupressives? 

Virtually all trials examining the issue of hypersen- 
sitivity reactions have demonstrated a significant 



reduction in the incidence of this problem if patients 
use concomitant immunosuppressive medication. 
A significant difference between the 'classic' im- 
munomodulators azathioprine/6-mercaptopurine 
and methotrexate has not been demonstrated [22]. 
The question as to whether hydrocortisone prior to 
the infusions offers an additional benefit remains 
unanswered as yet, but patients who do not tolerate 
immunomodulators should definitely receive this 
treatment. Because antibody formation appears 
to be a problem of the first year of infliximab 
treatment predominantly, it was suggested that 
azathioprine could safely be discontinued after 
1 year [23]. We carried out a comparative trial 
looking at a group of Crohn's disease patients 
who receive 6-8 weekly infliximab infusions as 
maintenance therapy, randomised to continued 
concomitant immunosuppression or to withdrawal 
of immunosuppression after at least 1 year of 
infliximab therapy. Preliminary analysis of the 
data could not show any benefit of continued 
concomitant immunosupression beyond 1 year 
[24]. As a consequence, current recommendations 
include immunosuppression during at least the first 
year of infliximab therapy. 

3 Should induction therapy with infliximab for ac- 
tive luminal disease always be followed by mainte- 
nance therapy? 

In patients who are not yet using immunomodula- 
tory treatment, the initiation of infliximab should 
definitely be combined with the start of one of these 
drugs. Given the delay in time before antimetabo- 
lites begin to act, more than one 'induction' infu- 
sion may be needed as a 'bridge' to further mainte- 
nance therapy with azathioprine/6-MP or MTX. If 
patients are already using immunomodulation when 
infliximab is started, the question needs to be ad- 
dressed whether this therapy is really 'optimal'. In 
many patients, the dose can be increased (depen- 
dent on body weight, 6-TGN blood levels or MCV 
of the red blood cells). Other patients may benefit 
from a switch from azathioprine/6-mercaptopurine 
to methotrexate. If all this has been done, remis- 
sion can be induced with infliximab and the fur- 
ther course of the patient can be carefully observed. 
If early relapse occurs, the patient will probably 
need further maintenance infusions. In that case, 
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'automatic' re-infusion every 8 weeks (or even less 
if needed) is superior to treatment 'on demand'. 

4 Should induction therapy with infliximab for fis- 
tulising disease always be followed by maintenance 
therapy*. How to follow and how long to treat pa- 
tients with fistulising disease? 

MRI and endosonographic studies have demon- 
strated that cessation of drainage from fistulous 
openings does not mean that the internal track has 
healed. MRI scans seem to be a useful tool to guide 
infliximab therapy, because these scans beautifully 
show what is happening to the tracks: if inflamma- 
tory infiltration and fluid accumulation within the 
perianal tracks persist, further infliximab seems to 
be necessary until full healing has been attained [14]. 
Nonetheless, a number of patients will develop re- 
current abscesses (often in the old fistula tracks) in 
spite of continued therapy. In these patients place- 
ment of seton drains for a prolonged period of time 
seems to be indicated. In patients with complete fis- 
tula healing but persistent fistulous openings, defini- 
tive closure with advancement flaps should be con- 
sidered as a further therapeutic option. Data on the 
benefit of maintenance infusions beyond 1 year are 
still lacking. 

5 How long should maintenance therapy be con- 
tinued? 

Nobody can give an evidence-based answer to this 
difficult question. A significant proportion of pa- 
tients seem to gradually lose response with contin- 
ued retreatments. Should every patient be treated 
up to that point? We do not have any markers in- 
dicating when therapy can safely be stopped, but 
endoscopic healing seems to be a reasonable goal 
to be achieved prior to discontinuation of therapy. 
Irrespective of endoscopic healing, a minimum of 1 
year of maintenance therapy appears logical based 
on the available controlled data. 

6 What to do if patients lose their response to in- 
fliximab? 

A retrospective analysis in 56 patients revealed 
that the majority of patients continued to have 
a response, but that almost half of the patients 
needed an increase in dosage from 5 to 10 mg/kg 
and/or a shortened infusion internal (shorter than 8 
weeks) [25]. It is probably not very beneficial to re- 
administer infliximab infusions at intervals shorter 
than 4-6 weeks. We were able to demonstrate that 



patients losing their response to 5 mg/kg infusions 
often have a response when the dose is increased to 
10 mg/kg, and that further maintenance can be con- 
tinued again with 5 mg/kg. In refractory patients 
alternative therapies should be considered such as 
surgery, corticosteroids, humanised anti-TNF anti- 
bodies or novel biologicals with different cytokine 
targets such as anti-IFN, anti-IL-6, anti IL-12 or 
anti-integrin antibodies. 

7 Is it safe to use infliximab before surgery? 
Two retrospective studies looked at perioperative 
complications in patients who underwent surgery 
and received infliximab treatment shortly before. 
The risk of complications was neither increased 
in the immediate post-operative period (within 
30 days), nor after 90 days. It was concluded that in- 
fliximab can be used safely prior to surgery [26, 27]. 
The same groups of investigators failed to demon- 
strate, however, that the extent of the intestine to be 
resected was significantly reduced when infliximab 
was given prior to the resection. 

8 How can infusion reactions, delayed hypersensi- 
tivity and loss of activity be prevented? 

This issue has been discussed in the first part of this 
chapter. All patients should receive concomitant im- 
muosuppressives if tolerated. If not, IV hydrocorti- 
cone (200 mg) can be given shortly before the in- 
fusion. If infusion reactions occur nevertheless, the 
infusion needs to be discontinued for a while and 
antihistamines, acetaminophen and corticosteroids 
are given intravenously. Approximately 1 h later the 
infusion can be restarted at a much slower infusion 
rate. Patients who experienced infusion reaction in 
the past and patients with a long 'drug holiday' 
after the previous infusion should always receive 
antihistamines (even for several days) and corticos- 
teroids prior to the infliximab infusions. The infu- 
sion should be started at a slower rate than usual. 
The vast majority of patients can be treated safely 
when all these measures are followed with care and 
caution. 

9 What measures are to be taken before starting 
patients on infliximab? 

It is important that patients realise that their Crohn's 
disease will not be 'cured' with infliximab ther- 
apy. Careful follow-up and continued concomitant 
therapies are necessary. A tuberculosis history and 
chest X-ray need to be obtained in all patients and 
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TB prophylaxis should be given to patients who 
have had prior exposure to this infection or have 
evidence of latent infection. In older patients, con- 
gestive heart failure needs to be ruled out. When 
patients receive treatment for fistulising Crohn's dis- 
ease, we recommend either examination under gen- 
eral anaesthesia or MRI to exclude active per anal 
sepsis or abscess. 

10 What markers are available to determine if pa- 
tients will respond to infliximab? 
Whereas initial controlled trials did not reveal any 
predictive factors, cohort studies suggested that 
higher CRP levels, colonic disease and use of im- 
munomodulators were associated with a better 
response. The latter was not systematically con- 
firmed by other publications. Also, smoking has not 
been consistently associated with better response 
[28]. Several genetic polymorphisms and serologi- 
cal markers that have been studied have not con- 
sistently been associated with a better response to 
anti-TNF therapy. 



Conclusion 

The anti-TNF approach in Crohn's disease has been 
a genuine success story. So far, infliximab is the 
only approved molecule for this indication, but un- 
doubtedly newer antibodies will become available 
in the near future. Infliximab is also the only agent 
available for Crohn's disease with proven induction 
and maintenance benefits. It rapidly restores quality 
of life, induces mucosal healing and has a more than 
acceptable safety profile. In addition, maintenance 
therapy with infliximab has been shown to reduce 
the need for surgeries and hospitalisations. Po- 
tential opportunities for further optimalisation of 
anti-TNF drugs include replacement of intravenous 
administration by subcutaneous or enteral routes, 
reduction of infusion reactions with loss of response 
by further humanisation and development of an 
'ideal' or 'individualised' maintenance schedule. 
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Introduction 

For decades, virtually all of the agents used to treat 
inflammatory bowel disease were those approved 
for other inflammatory conditions such as rheuma- 
toid arthritis and multiple sclerosis, or approved 
for situations requiring overall immune suppression, 
such as transplant rejection. Today, with a single 
exception, approved drugs that do have indications 
for Crohn's disease or ulcerative colitis are modifica- 
tions of the steroids and aminosalicylic acid deriva- 
tives that have been used since the mid-twentieth 
century. The lack of specified treatments thus far re- 
flects the available scholarship and the understand- 
ing of the aetiology of these diseases at the time. In 
recent years, however, following a tremendous in- 
crease in available model systems for investigation 
of inflammatory bowel disease, a number of phar- 
maceutical agents that have been designed to inter- 
fere with one or more specific pathogenic mecha- 
nism of intestinal inflammation have reached Phase 
III testing and one, infliximab, has been brought to 
the market with an indication for Crohn's disease. 

The development of drugs with highly specific 
mechanisms of action can be approached in two 
ways. First, investigations, both animal-based and 
human-based, of the pathways of inflammation 
yield clues for development of biologic agents such 
as the various cytokine blockade therapies, and de- 
livery systems such as the bacterial vehicles now be- 
ing evaluated in all phases of clinical trials. The effi- 
cacy shown with some agents and vehicles in animal 
models does not always translate to human disease, 
and given the complexity of inflammatory bowel 



disease pathogenesis, there are many potential av- 
enues to treatment. 

Physiologic features, such as serum markers and 
genomic indicators, can be used to identify the pa- 
tients most likely to respond to a particular interven- 
tion. Another benefit of evaluating new treatments 
by subgroup analysis is that much can be learned 
from drugs with lower efficacy and from the groups 
of patients who do not improve in an otherwise 
positive trial. The spectrum of biologic agents in- 
cludes vaccines, recombinant molecules, antibodies, 
nucleic acid agents and gene therapies. In IBD, the 
emphasis has been on recombinant molecules, anti- 
bodies and nucleic acid agents, but in recent years, 
small molecules and vaccines have also shown po- 
tential. 

Levine et al. demonstrated that the dominant 
molecules at the time of an acute flare-up of disease 
might be different from those during a chronic ac- 
tive state [i]. Therefore, response and non-response 
data from trials, and data from basic studies aimed 
at understanding the different pathways to inflam- 
mation in different diseases and at different stages 
of disease expression, should be combined with data 
from serum and genetic marker (immunophenotype) 
analysis. The combined information will target 
drugs or a designer 'cocktail' thereof on an indi- 
vidual patient basis, to the specific relevant path- 
ways. Using all the available data generated from ge- 
nomic, proteomic, phenomic, serotypic and clinical 
research will increase the likelihood that highly spe- 
cific therapies that can interrupt the disease process, 
while preserving the essential functions of the im- 
mune system, can be developed. 
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In this chapter, we will discuss the biologic ther- 
apies now in use and in trials within the context of 
their mechanism of action, for their utility in treating 
IBD and as indicators of other mechanisms that can 
be exploited for drug development. We also present 
a review of physiological and genomic character- 
istics that define homogenous disease immunophe- 
notypes, which can be used to predict treatment 
outcome, and to define treatments that will iden- 
tify which patients are likely to develop severe, pro- 
gressive disease and will, hopefully, point to new, 
preventative interventions. 

IBD pathogenesis: targets of 
therapeutic intervention 

Recent advances in basic research have provided 
new insights into the pathogenesis of IBD, and point 
to numerous potential avenues for therapeutic inter- 
vention (Fig 1 8.1). In general, IBD is a product of 
a dysregulated mucosal immune response to com- 
mensal bacterial products in a genetically suscepti- 
ble host. We now know that among patients with 
IBD, serum responses to bacterial antigens are as- 
sociated with the severity of the disease [2-4]. In 
patients who lack antibody responses to bacterial 
antigens and who have mild, non-progressive dis- 
ease, it is likely that a single gene defect would gen- 
erate a muted or mildly defective innate response 
and that the exposure to commensal bacteria would 
lead to a somewhat decreased protection from bac- 
terial invasion. Decreased protection would then 
permit a slightly increased bacterial exposure, which 
would yield little to no increased adaptive immune 
response, resulting in a mild clinical phenotype and 
non-progressive disease. In contrast, patients who 
express high-level antibody response to multiple 
bacterial antigens may also have more (and/or more 
serious) genetic defects in the innate immune sys- 
tem, which would generate a severely modified in- 
nate immune response. Therefore, exposure to com- 
mensal bacteria and/or concomitant mucosal injury 
would lead to markedly decreased protection and 
a greatly increased bacterial exposure. Depending 
on the presence of any additional genetic defects, 
which either produce a defective T or B regulatory 
cell population or a potent effector Tcell population 
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Fig 18.1 IBD pathogenesis. 

Any one or a combination of genes regulate the host's 
immune response to any one or a combination of bacterial 
antigens, manifesting as serum antibodies, which can be 
used to define clinical phenotypes and then to choose the 
targeted therapies. 



and/or abnormal cytokine regulation, these condi- 
tions would lead to a markedly increased Thi adap- 
tive immune response, which would be associated 
with very severe, rapidly progressive mucosal in- 
flammation in humans and rodents. These concepts 
encompass multiple opportunities and targets for 
manipulation of the pathogenic process. 

In recent years, geneticists have investigated sev- 
eral loci for associations with IBD. Most promi- 
nently, a susceptibility gene in chromosome 16 that 
codes for the NOD2/CARD15 protein has been as- 
sociated with Crohn's disease [5, 6]. A complex in- 
terplay of genetic, microbial, and environmental fac- 
tors results in a sustained mucosal immune response. 

From an immunologic point of view, in healthy 
mucosal homeostasis, the intestinal mucosa is in 
a state of 'controlled' inflammation regulated by 
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a delicate balance of pro-inflammatory and anti- 
inflammatory cytokines. Mucosal lymphocytes are 
activated to secrete interferon (IFN)-y and inter- 
leukin (IL)-2 in response to antigens. IL-2 enhances 
T cell and B cell function. IFN-y activates antigen 
presenting cells and macrophages to produce IL- 
12, resulting in a T helper (Th)-i response, and 
increased production of IFN-y, IL-2, and tumour 
necrosis factor (TNF). IFN-y enhances macrophage 
production of TNF-a, IL-i, IL-6, IL-8, IL-12 and 
IL-18. In the healthy mucosa, down-regulatory cy- 
tokines, IL-10, and TGF-(3 control the magnitude of 
this response. In IBD, the control mechanisms fail, 
leading to tissue injury and clinical manifestation of 
the disease. TNF-a and IL-i, IL-6, IL-8 and IL-12 
are categorised as pro-inflammatory cytokines and 
IL-4, IL-10, IL-11 and IL-13 are categorised as anti- 
inflammatory cytokines. Increased levels of IL-12 
and IL-18 secreted by macrophages and dendritic 
cells result in a Thi-type inflammation in patients 
with Crohn's disease [7-9]. In contrast, ulcerative 
colitis patients are more likely to have a Th2-like 
phenotype, characterised by elevated production of 
IL-5 and the presence of auto-antibodies to perinu- 
clear components of neutrophils [10]. Theoretically, 
therapies targeted at regulating pro-inflammatory 
cytokines, or amplifying anti-inflammatory factors 
would restore 'normal' mucosal homeostasis. 

Biologic therapies for inflammatory 
bowel disease 

Tumour necrosis factor inhibition 

The therapeutic benefit of tumour necrosis factor in- 
hibition is supported by several findings. Increased 
levels of TNF-a that correlate with disease activity 
are found in mucosal samples and in the stool of pa- 
tients with CD [11]. Infliximab is a murine-human 
chimeric monoclonal antibody consisting of ap- 
proximately 75% human protein and 25% murine 
protein. Clinically, approximately two-thirds of pa- 
tients with Crohn's disease will experience improved 
symptoms after a single infusion of the anti-TNF-a 
antibody infliximab [12], which, at present, is the 
only biologic agent with Food and Drug Adminis- 
tration (FDA) approval in Crohn's disease. Use of 



infliximab is limited by the complications arising 
in association with the development of human 
antichimeric antibodies (HACAs) and delayed hy- 
persensitivity reactions, which have led to the devel- 
opment of humanised antibodies to TNF. Such hu- 
manised anti-TNF biologic agents include CDP571, 
CDP870, etanercept, onercept and adalimumab. 

CDP 5 7 1 is a humanised anti-TNF- a monoclonal 
antibody, which despite an improvement in toler- 
ability, has shown to have only moderate efficacy 
at 28 weeks [13-16]. However, sub-stratification of 
the study population did demonstrate that CDP571 
was efficacious for the treatment of patients with ele- 
vated C-reactive protein (CRP) levels [15]. CDP571 
does have potential for use in patients who have 
experienced a hypersensitivity response to inflix- 
imab. In an open trial of CDP57i-treated patients 
who had developed HACAs to infliximab in previ- 
ous treatment, no anti-CDP57i antibodies were de- 
tected and clinical response was observed in 41% of 
patients. Such observations highlight the potential 
benefit of further analysis of the subgroups within a 
trial population in a search for a particular 'niche' 
use for a drug and for clues to improve the bio- 
logic agent. Data suggest that another anti-TNF-a 
agent, CDP870 (pegylated anti-TNF-a monoclonal 
antibody fragment), like CDP571, may be useful in 
patients with elevated CRP levels who were found 
to be more likely to respond, although sustained re- 
sponse remains an issue [17]. 

Etanercept is a human protein, in which the Fc 
portion of an IgGi human antibody is linked to hu- 
man soluble P75 TNF receptors. Onercept is similar 
but uses a recombinant human soluble P55 TNF re- 
ceptor. Both etanercept and onercept counteract the 
effect of TNF in the mucosa by binding to both sol- 
uble and membrane-bound TNF, which prevents it 
from binding to the host's TNF receptors. Etaner- 
cept, although an effective treatment for arthritis, 
is not a useful treatment in the majority of patients 
with Crohn's disease. The main difference in the ef- 
fect of infliximab and etanercept is that etanercept 
does not upregulate T cell apoptosis, which may ac- 
count for the difference in efficacy between the two 
[18]. Less is known about onercept, but preliminary 
findings are promising, as reduction in symptoms 
occurred quickly after treatment and two-thirds to 
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three-quarters of the patients studied responded to 
treatment [19]. 

Adalimumab (Hutnira™). Adalimumab is an anti- 
TNF compound with similar properties to inflix- 
imab, but is different in that it is fully humanised. 
Preliminary data suggest that adalimumab may be 
a safe and effective substitute for infliximab-allergic 
patients. However, individuals who have been pre- 
viously treated with other human antibodies may be 
sensitised to antibodies such as adalimumab [20]. 

In addition to monoclonal antibody modula- 
tors of TNF, small molecule compounds that in- 
terrupt mitogen-activated protein kinase (MAP- 
kinase) pathways are under investigation. One such 
small molecule in early phase trials is CNI-1493. 
CNI-1493 is a synthetic compound that blocks the 
production of several inflammatory cytokines, in- 
cluding TNF. Because it blocks production of multi- 
ple inflammatory mediators, it may be more active 
than products targeted to a specific cytokine. In ad- 
dition, as it is a small molecule, it may be less likely 
to cause hypersensitivity reactions and likely will not 
induce formation of antibodies [15, 21]. 

Despite what some have described as the tremen- 
dous success of TNF blockade therapy, many pa- 
tients do not respond. Furthermore the ACCENT 
trials showed that only 25% of patients who re- 
sponded initially were still responding and steroid- 
free at 1 year after the initial treatment [22, 23]. 
Therefore, for the 75% of patients whose disease re- 
lapsed, there is a long way to go but detailed analysis 
of response rates in relation to genomic, immuno- 
logic and molecular data may help to show the way. 

Regulatory cytokines 

Cytokines known to down-regulate inflammation 
represent another category of agents that may have 
potential as therapeutics. IL-10 has been shown to 
decrease production of IFN-y, IL-2 and IL-12 and is 
elevated in the mucosa of patients with IBD [24]. De- 
spite evidence of the potential effectiveness of IL-10 
in animal models, it was found to be ineffective for 
most patients in a large clinical trial [25, 26]. How- 
ever, IL-10 has been used with some success, again in 
animal models, when delivered using bacteria-based 



and virus based vehicles. Studies have yet to be per- 
formed in humans. 

IL-n, a cytokine with anti-inflammatory prop- 
erties inhibits inflammation via suppression of 
NFkB, and subsequently IL-i and TNF-a [27]. In a 
study of patients with Crohn's disease, recombinant 
IL-n was shown to be effective, but, was associated 
with thrombocytosis at the effective doses. Topical 
IL-n has shown more promise, without concomi- 
tant adverse effects in phase I studies. 

Modulators of leukocyte adhesion molecules 

This category of pathogenesis specific therapies 
includes antisense to ICAM-i (ISIS 2302), anti- 
0C4 integrin (natalizumab), and anti-c<4(37 integrin 
(MLN-02). ISIS-2302 is designed to decrease levels 
of ICAM-i protein expression. ISIS-2302 showed 
promise in animal models; however, the benefit did 
not translate to human studies [28, 29]. Natal- 
izumab is the first anti-c<4 compound within the 
class of selective adhesion molecules (SAM). The 
drug is designed to inhibit the migration of immune 
cells into chronically inflamed tissue where they may 
cause or maintain inflammation. Natalizumab was 
shown to be effective in the induction of clinical re- 
sponse and even remission. Patients in the trial expe- 
rienced decreased CRP levels and improved quality 
of life measures [30]. MLN-02, is a monoclonal anti- 
body to <X4 (3 7, which controls trafficking of lympho- 
cytes to the intestine [31]. MLN-02 is an example of 
a treatment that may have been discarded based on 
general analysis, but its potential effect was found 
by subgroup analysis, which in this case showed that 
dosing was suboptimal. By the end of 1 year, 25% 
of subjects treated with these adhesion molecules 
were steroid free. It remains to be seen if this is the 
same 25 % of patients who would have been steroid- 
free after 1 year of inflixmab. Whether the group is 
the same, and particularly interesting if it is not, 
these findings suggest such subgroup analysis might 
be quite fruitful. 

Thi inhibitors 

As mentioned above, IFN-y is a cytokine that 
augments Thi responses, while decreasing Th 2 
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responses. Anti-IFN-y has been tested in phase I and 
II trials [32]. In addition to decreased placebo effect 
in these studies, results showed that anti-IFN-y was 
effective in Crohn's patients with high levels of C- 
reactive protein (CRP), which suggests that it may 
specifically act to decrease inflammation and may 
be a marker for a specific subset of patients with a 
distinct immunophenotype. 

Anti-interleukin-12 

Antibodies directed against interleukin-12 (IL-12) 
have been shown to be effective treatment for the 
intestinal inflammation in animal models of CD. In 
a small clinical trial, after 7 weeks of treatment, 7 5 % 
of patients showed clinical improvement and 3 8 % 
were in remission. Decreased secretion of IFN-y, 
TNF-a and IL-12 was noted in the patients who clin- 
ically responded to anti-IL-12 therapy [33]. More 
work is needed to see how best to exploit the poten- 
tial represented by this pathway. 

Activators of immune function 

Granulocyte-macrophage colony stimulating factor 
(GM-CSF) has received recent interest in the treat- 
ment of Crohn's disease. In a small trial, GM-CSF 
was found to be effective in achieving a clinical re- 
sponse and in some cases remission was achieved. 
The duration of effectiveness varied and discontin- 
uation of treatment resulted in symptom flares [34]. 

Other anti-cytokine therapies 

Daclizumab is a monoclonal antibody to IL2 recep- 
tor antagonists (IL-2ra). In early trials of patients 
with ulcerative colitis, blockade of IL2 binding with 
daclizumab was found to induce a clinical response, 
but mucosal healing assessed by endoscopy did not 
occur [35]. However, because it is thought that IL-2 
may play a role in steroid-resistance, studies of basil- 
iximab, another anti-IL-2 compound, were under- 
taken in steroid resistant patients in an open trial 
[36]. Nine of 10 patients achieved clinical remis- 
sion along with improvement in histologic scores. 
Relapse occurred in most patients by 9 weeks, 
however, although remission could be once again 



induced with increased concomitant steroids or aza- 
thioprine. Basiliximab may find potential use as 
a bridge capable of inducing remission in steroid- 
resistant patients, who can then be maintained on 
azathioprine or other immune suppressant. 

Visilizumab is an anti-CD 3 compound, which 
has been shown to induce T cell apoptosis. Although 
early trials showed visilizumab to be effective in ul- 
cerative colitis, adverse events, which may be dose- 
related, have led to studies to identify a lower effec- 
tive dose [37]. 

Drug regimens designed by subgroup 
analysis based on response and 
non-response data 

With the underlying motivation in pharmaceutical 
development being commercial, research is devoted 
primarily to agents likely to be applicable to a large 
audience. The consequences are two-fold. First, the 
population of patients with IBD, although increas- 
ing, is small compared to the population with gas- 
trointestinal reflux disease, for example. Therefore, 
IBD drugs are a relatively lower priority. Secondly, 
when IBD drugs of potential do come to controlled 
trials, the tendency is to test a population of patients 
meeting quite general criteria for active Crohn's dis- 
ease or ulcerative colitis. The data generated from 
these trials can be misleading. Although results from 
a trial may show non-responsiveness or poor effi- 
cacy in the study population as a whole, it is possi- 
ble that the smaller group of patients for whom the 
treatment was effective represent those with a cer- 
tain disease phenotype. It is now widely accepted 
that the terms 'Crohn's disease' and 'ulcerative col- 
itis' actually represent numerous pathophysiologic 
distinct disorders, all of which manifest as intesti- 
nal mucosal inflammation. Because there are numer- 
ous pathways to mucosal inflammation, it follows 
that newly developed biologies, which target spe- 
cific points in the inflammatory process, will work 
for some patients but not for others. Several ex- 
amples have been presented in the preceding sec- 
tion of potential indications for a drug, which pre- 
viously would have been discarded on the basis of 
efficacy data from trials using unselected popula- 
tions of patients. Two such examples are CDP870 
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and CDP571, which may be useful in the popula- 
tion of patients with elevated CRP levels. In patients 
who experience delayed hypersensitivity reactions 
or develop HACAs to the chimeric antibody inflix- 
imab, some patients respond to therapy with hu- 
manised anti-TNF agents such as adalimumab with- 
out such reactions. As mentioned above, only 25% 
of patients who responded and were steroid-free af- 
ter treatment with infliximab were still steroid free 
at 1 year [22]. Studying the 75% whose disease 
worsened has just as much merit as studying the 
25% whose disease was ameliorated by treatment, 
in an attempt to evince clues to pathogenesis and 
for further refinement of the intervention. Much can 
be gained from merging the data from clinical tri- 
als with that from ongoing studies to sub-stratify 
patient populations based on genetic and immune 
markers. 



termined which has the stronger relationship to clin- 
ical phenotype. Mow et al. reported a stronger as- 
sociation between antibody expressions to bacterial 
antigens than that of NOD2, suggesting an environ- 
mental interaction [4]. Investigators have recently 
discovered allelic variants in the organic cationic 
transporter (OCTN) gene found in macrophages, T 
cells and colonic mucosal epithelial cells [46]. The 
variant located in the OCTN promoter renders it 
non-responsive to heat-shock proteins, which are 
induced in the host by bacterial structures. Among 
homozygotes of either of these genes (NOD2 and 
OCTN), there is an odds ratio of 2 for the develop- 
ment of CD, and in patients with both variants, the 
odds ratio of developing CD is in the range of 7-10. 
Through these and similar studies, we are beginning 
to develop associations between genomic informa- 
tion, clinical expression and disease behaviour. 



Clinical subgroup analysis by immune 
and genetic markers - definition of 
immunophenotypes and implications for 
treatment 

Genetic associations 

Recent progress in the hunt for genes responsible 
for IBD has led to the identification of genetic as- 
sociations with certain disease characteristics. First, 
disease characteristics have been reported to aggre- 
gate in families [38, 39] and associations between 
major histocompatibility genes and disease loca- 
tion and phenotypes have been shown in Crohn's 
disease [40]. Variants in the NOD2/CARD15 gene 
have been reported in 20-40% of European and 
American patients with Crohn's disease [5, 6]. 
NOD 2 mediates the interaction between the innate 
immune response and the host as it recognises mu- 
ramyl dipeptide, the smallest structure of peptido- 
glycan [41] and there have been several published re- 
ports of an association between mutations in NOD2 
and a younger age of onset [42], small-bowel dis- 
ease [40, 43] and fibrostenotic disease [44, 45]. 
NOD2/CARD15 variants as well as certain serolog- 
ical responses are both associated with small-bowel 
and fibrostenotic disease, but it has not yet been de- 



Serologic associations 

Numerous associations between serum markers 
and clinical expression of disease have already 
been made. For example, Crohn's disease patients 
with high serum levels of ASCA have more severe 
disease, as defined by fibrostenotic and internal 
perforating features, and are more likely to need 
small-bowel surgery [47]. In contrast, pANCA ex- 
pression in Crohn's disease has been associated with 
a more benign disease course and ulcerative colitis 
(UC)-like features [44]. Crohn's disease patients 
can lose tolerance to specific bacterial antigens and 
patients can be clustered into four groups, depend- 
ing on their antibody response patterns [2]. These 
clusters are (1) antibody responses against oligo- 
mannan (anti-Saccharomyces cerevisiae; ASCA), 

(2) antibody responses towards both Escherichia 
colt outer membrane protein C (anti-OmpC) and 
a CD-related protein from Pseudomonas fluo- 
resces (anti-CD-related bacterial sequence {I2}), 

(3) antibody responses towards nuclear antigens 
(perinuclear antineutrophil cytoplasmic antibody; 
pANCA) or (4) low or no serological response to 
any of the tested antigens. These distinct antibody 
response patterns may indicate unique pathophys- 
iological mechanisms in the progression of this 
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complicated disease and may underlie the basis for 
the development of specific phenotypes. 

A series of reports have helped to delineate fur- 
ther the relationship of these immunologic responses 
to disease phenotypes [4, 48]. It has recently been 
demonstrated that the greater the number of re- 
sponses to different microbial antigens, and the 
magnitude thereof, the more severe the disease 
course. In contrast, patients who lack these immune 
responses have a more benign disease course. In a 
recent report, Arnott et al. [48] showed that pro- 
gression of disease might be predicted by the num- 
ber and magnitude of serologic responses to these 
microbial antigens in patients initially characterised 
as having 'inflammatory' disease. Indicators of dis- 
ease progression, such as the need for surgery, fi- 
brostenotic and internal perforating disease were 
associated with greater proportions and levels of 
immune responses. In contrast, a milder, uncompli- 
cated disease course was associated with no or low 
serologic response. 

In a recently published pilot study, patients with 
selected immune responses to I2 and OmpC re- 
sponded better to antibiotics administered in addi- 
tion to budesonide in a controlled trial of patients 
with CD [49]. These results suggest that the patients 
with the greatest immune responses to bacterial 
products are the best candidates for treatment with 
antibiotics. Furthermore, patients with medically 
resistant Crohn's disease patients who expressed 
serum antibodies to the bacterial antigen, I2, were 
shown to benefit from surgical diversion of the fae- 
cal stream, and those with no I2 reactivity did not 
benefit [50]. These results suggest that immune re- 
sponses to bacterial components may serve as im- 
portant markers of pathophysiologic abnormalities. 
The adaptive immune response to specific antigens 
implies that they are linked to specific pathophysio- 
logic mechanisms and it follows that manipulation 
of these responses could be therapeutic. Further- 
more, these immune responses might predict which 
patients would respond best to environmental ma- 
nipulation including antibiotics, probiotics or diver- 
sion of the faecal stream. 

An immunodominant flagellin, to which strong 
B cell and CD4+ T cell responses occur in colitic 



mice, has recently been defined. In human studies, 
approximately 50% of patients with CD had serum 
reactivity to flagellin, whereas patients with ulcera- 
tive colitis, patients with other inflammatory GI dis- 
eases and control subjects had little or no reactivity 
to this flagellin [51]. Interesting results were de- 
rived from our studies among CD patients to deter- 
mine the relationship of antibodies to flagellin to the 
previously-defined antibodies to microbial antigens. 
Among patients with increasing levels of reactivity 
to ASCA, OmpC and I2 (with a peak occurring in 
those who respond to all three), response to flagellin 
is greater, which is consistent with the concept that 
this subset of patients has a propensity to respond to 
multiple bacterial antigens. Nevertheless, high flag- 
ellin reactivity was seen across all antibody-defined 
subsets, demonstrating that anti-flagellin expression 
is independent of the other antibody responses. 

As mentioned above, pANCA is predominantly 
associated with ulcerative colitis and may reflect 
cross reactivity to bacteria [52]. There is, how- 
ever, a subset of patients with CD who also ex- 
presspANCA [47, 53]. Crohn's disease patients with 
pANCA have both colitic and left-sided disease with 
features similar to ulcerative colitis. Nearly half of 
the population of CD patients who express pANCA 
but do not react to the other known antigens, react 
to flagellin, although the vast majority of pANCA + 
ulcerative colitis patients are not responsive to flag- 
ellin. Anti-flagellin expression appears to be asso- 
ciated with a specific CD subtype. Therefore, it 
may prove to be useful in categorising patients with 
indeterminate colitis; i.e. those that may be more 
Crohn's-like compared to those that may be more 
UC-like. Anti-flagellin expression may also be used 
in combination with pANCA to mark a subset of 
patients with colitic and/or colitic and small bowel 
disease, perhaps defining those patients likely to re- 
spond to manipulation of bacteria using either an- 
tibiotics or probiotics. 

Expression of antibodies to flagellin presents a 
unique opportunity to investigate the underlying 
pathophysiologic mechanism related to this anti- 
genic response, as it is the first antigen defined with 
dual effects on the immune system. Recent progress 
has been made in understanding the relationship 
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between commensal microbe-associated molecular 
patterns and receptors that influence the innate 
immune compartment. Flagellins are important 
molecular components of complex structures on 
bacterial surfaces, important for both adhesion and 
motility [54] and they have been identified as the 
ligand for TLR5 [54, 55], which recognises flag- 
ellin from both gram-positive and gram-negative 
bacteria. Activation of nuclear factor kB (NFkB), 
required for induction of many Thi cytokines, is 
the result of TLR 5 -flagellin interactions [54, 55]. 
In humans, CB flagellin induces different inflamma- 
tory mediators than does LPS in monocyte-derived 
dendritic cells [56]. 

Future investigations will need to determine 
whether anti-flagellin expression correlates with re- 
sponse to various therapeutic modalities and to 
identify any abnormalities of flagellin stimulation of 
the innate immune pathway and of Thi responses. 



Conclusion 

At the interface between genetic, immunologic and 
clinical information, is advanced technology. Al- 
though serological associations with clinical mani- 
festations represent phenomics, the findings must be 
correlated with genomic data. The combined phe- 
nomic and genomic results can then serve to stratify 
well characterised populations for proteomic analy- 
sis, which will help to discern which of the genomic 
and phenomic markers are reflective of the disease 



mechanism. Proteomics using high-resolution mass 
spectrometry will aid in the further refinement of 
targets for therapeutic design. Proteomic analysis 
will allow the correlation of differential protein 
expression among the different disease immuno- 
types and clinical phenotypes within IBD. We have 
demonstrated that there is a selective immune re- 
sponse and with this mass spectrometry technol- 
ogy, we will be able to determine which proteins 
are present in varying disease types as well as 
at different stages of disease and treatment. The 
amount of data generated by this method is mas- 
sive. However, as patient subgroups become better 
defined by genetic, immunologic and clinical pa- 
rameters, the information will not only be man- 
ageable but could also provide very clear pictures 
of pathogenetic elements and differences among the 
subgroups. 

In the future, patient management should be- 
come far more efficient, with fewer discomforts for 
the patient, potentially altering the natural history 
of the disease. In a typical example (Fig 18.2), a 
patient would present with diarrhoea or pain of 
serveral week's duration. A battery of non-invasive 
tests would be administered to characterise the 
immuno-, geno-, proteo- phenotype of disease. 
An immunophenotypic diagnosis and prognosis 
would be made, and finally, a specific, targeted 
therapeutic plan would be designed and imple- 
mented that would ameliorate the patient's disease 
and prevent the progression to complications and 
surgery. 
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Fig 18.2 IBD 2010 and beyond. 
In the future, a patient will present with 
symptoms. A battery of non-invasive serum, 
genetic and proteomic analyses will yield the 
patient's specific IBD subtype and disease 
prognosis. The physician will then develop a 
patient-specific treatment plan, using 



Targeted-SpecifiC therapy targeted and designer drugs. 
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19: Current controversies in the surgical management 
of Crohn's disease 



W.M. Chambers, I. Lindsey and N.J. Mortensen 



Introduction 

Areas of controversy related to the surgical treat- 
ment of Crohn's disease include the suitability of 
patients with Crohn's and indeterminate colitis for 
pouch surgery, the treatment of perianal Crohn's 
disease, the application of laparoscopic surgery to 
Crohn's patients and the limiting of post-surgical 
recurrence. 



Pouch surgery in Crohn's disease 

When compared with pouch surgery for ulcerative 
colitis the results seen for Crohn's disease are worse. 
Although many clinicians see Crohn's disease as a 
contraindication to pouch surgery some feel that in 
selected patients results can be acceptable. Certainly, 
the course of these patients is variable and pouch 
failure is not inevitable. 

Panis et al. [i] in 1996 published literature on 
pouch surgery for selected Crohn's patients (those 
with colonic Crohn's with no evidence of perianal or 
small bowel involvement) and found no difference 
in complications when these were compared with 
ulcerative colitis patients undergoing pouch surgery 
at a mean follow up of 59 months. At 5-year follow- 
up there was also no difference in stool frequency, 
continence, leak or need for pads between the two 
groups. It was argued by others that some of the pa- 
tients involved in this study had indeterminate colitis 
rather than Crohn's [2]. 

Regimbeau et al. [3] reported 10-year follow 
up results from the same centre. Forty-one pa- 
tients were studied 26 of whom had a pre-operative 



diagnosis of Crohn's disease. Mean follow up was 
113 months. Twenty-seven per cent of patients expe- 
rienced Crohn's disease-related complications and 7 
out of 41 (17%) experienced pouch perineal fistu- 
las. Of 20 patients followed for more than 10 years, 
2 patients had their pouch excised. The authors felt 
the long-term results justified offering pouch surgery 
to selected Crohn's patients. 

This was a view supported by Hartley et al. [4] 
analysing outcome in patients from the Cleveland 
Clinic who had pouch surgery for apparent ulcer- 
ative colitis and who were subsequently found to 
have Crohn's disease. Of these patients 12% lost 
their pouch with a median follow-up of 46 months. 
The authors concluded that the secondary diagnosis 
of Crohn's disease after pouch formation was asso- 
ciated with protracted freedom from clinically evi- 
dent Crohn's disease, low pouch loss rate and good 
functional outcome. 

However, Braveman et al. [5], reporting results 
from the Lahey Clinic, found that patients under- 
going pouch surgery who were subsequently found 
to have Crohn's disease experienced significant mor- 
bidity and they decided on the basis of their results 
not to recommend the routine application of ileal 
pouch anal anastomoses in any subset of patients 
with known Crohn's disease. Median follow-up was 
153 months and complications occurred in 93% of 
32 patients. This included perianal abscess or fis- 
tula in 63%, pouchitis in 50% and stricture in 38%. 
Pouch failure occurred in 29%. Pre-operative peri- 
anal disease did not predict pouch failure. 

Thus major centres differ in their opinions on 
this issue. Majority opinion is still against pouch 
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surgery for known Crohn's disease. The risk of 
recurrent Crohn's disease in the pouch, with loss 
of distensibility and function, of abscess formation 
and fistulation, and of subsequent pouch excision 
and short-bowel syndrome have been documented 
from experience with both the Kock pouch [6] and 
ileal-anal pouch [7-1 1]. 

Despite these risks and, given the existing evi- 
dence, patients with colonic Crohn's might feel that 
they are prepared to take the risk of undergoing 
pouch surgery for their condition if it offers the pos- 
sibility of avoiding a permanent stoma. 

Pouch surgery in indeterminate colitis 

Although a diagnosis of indeterminate colitis is not 
a contraindication to construction of a pouch, ad- 
equate steps must be taken to exclude Crohn's dis- 
ease, because at the present time such surgery is gen- 
erally regarded as contraindicated. Sometimes, after 
reviewing all available information the diagnosis is 
still not clear-cut, leaving a small proportion of pa- 
tients overall (reported as 2-8% in series from major 
centres) with the label 'indeterminate colitis' [12- 
14]. The majority of such cases behave like ulcera- 
tive colitis, and the risk of manifesting as Crohn's 
disease is small (0-15%) [7, 12, 13, 15-17]. 

When pouches are made for indeterminate colitis 
rates of operative morbidity and pouchitis are simi- 
lar to those in ulcerative colitis. Failure of the pouch 
(diversion or excision) is greater than in ulcerative 
colitis. This relates to the manifestation of Crohn's 
disease in the anus or small bowel in a minority of 
patients [13]. Those who retain their pouches have 
similar function to those in ulcerative colitis. This is 
generally supported in the literature, although one 
series from the Lahey Clinic has suggested an in- 
creased risk of perineal complications in indetermi- 
nate colitis pouches [15]. 

Yu et al. [17] reporting long-term results from 
the Mayo Clinic stated that indeterminate colitis pa- 
tients had significantly more pouch failure (27% vs 
11%) than ulcerative colitis patients. During the 10- 
year follow up period 15 % of indeterminate colitis 
patients had their diagnosis changed to Crohn's dis- 
ease against 2% of UC patients. When the outcomes 
of these newly diagnosed patients were considered 



separately the rate of complications for the remain- 
ing patients with indeterminate colitis was identical 
to that from ulcerative colitis patients. Crohn's dis- 
ease, whether it developed after surgery for ulcera- 
tive colitis or indeterminate colitis, was associated 
with a poor outcome. 

It is argued that patients with indeterminate col- 
itis can be offered pouches fairly confidently; the 
likelihood being their outcome will be similar to ul- 
cerative colitis patients. Even if the patient ends up 
having Crohn's disease they usually have a good out- 
come if the surgeon avoids pouch surgery for inde- 
terminate colitis in patients with a clinical suspicion 
of Crohn's disease [7]. 

However, pre-operative clinical features do not 
always correlate with outcome. The indeterminate 
colitis patient being offered pouch surgery must be 
adequately counselled as to their risk. 

Improving pre-operative decision 
making 

The non-committal pathology report 

A pathology report of 'indeterminate colitis' from 
colonoscopy biopsies means that features of both 
ulcerative colitis and Crohn's disease are present 
histologically, and the pathologist cannot commit 
to either diagnosis. Faced with such a report one 
must take into account clinical and radiological ev- 
idence [18] in order to correctly label the patient's 
condition. Careful review of further discriminating 
features after initial pathological uncertainty will al- 
low many cases of indeterminate colitis to be reclas- 
sified as either ulcerative colitis or Crohn's disease 
with reasonable confidence [12]. When clinical fea- 
tures of Crohn's disease are present, such features, 
along with a histological diagnosis of indeterminate 
colitis, can predict a poor outcome for restorative 
proctocolectomy compared to those without them 
[7, 13]. The patient with a short history provides a 
particular difficulty. 

The most important clinical features of Crohn's 
disease include the absence of rectal disease and 
presence of small-bowel or anal disease. A past his- 
tory of perianal fistula or fissure was found in a 
substantial proportion of patients who eventually 
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turned out to have Crohn's disease [7]. However, 
anal disease does not necessarily mean Crohn's dis- 
ease: around 10% of patients with ulcerative colitis 
coming to restorative proctocolectomy have an anal 
lesion, often a low fistula or a fissure [18]. A high 
fistula, rectovaginal fistula or anal ulcer is more sus- 
picious for Crohn's disease. There must be a thor- 
ough examination of the patient, including a search 
for any extra-intestinal manifestations. The small 
and large bowel needs to be examined carefully to 
exclude any features of Crohn's disease. Informa- 
tion from all other possible sources should be pur- 
sued, including biopsy and surgical specimens for 
pathological review as well as clinical, endoscopic 
and radiological information from other doctors or 
hospitals. Often colonoscopies have been performed 
elsewhere or by someone other than the surgeon 
undertaking the restorative proctocolectomy. If the 
surgeon is uncertain, he or she should repeat the 
colonoscopy. Intubation of the terminal ileum at 
colonoscopy and biopsy is mandatory. Usually the 
small bowel will have been imaged at some stage, 
but if not, or if not for some time, then an up-to- 
date small-bowel enema provides important infor- 
mation. 

Staging surgery and deferring definitive pouch 
construction 

Where there is no doubt about the diagnosis, the 
surgeon and the pathologist should conduct a com- 
bined intra-operative macroscopic 'confirmation' of 
the pre-operative diagnosis of ulcerative colitis in the 
opened colectomy specimen prior to proctectomy. 
However, if there is any pre-operative suspicion 
of Crohn's disease it is unwise to proceed directly 
to restorative proctocolectomy and the patient 
should undergo three-stage surgery. A colectomy 
with ileostomy is performed, giving the pathologist 
a better specimen on which to make an accurate 
diagnosis. Restorative proctocolectomy may still be 
performed at a later date. If Crohn's disease seems 
likely or is confirmed, then completion proctectomy 
with ileostomy or ileorectal anastomosis, if the 
rectum is spared, may be contemplated. There is 
little evidence as to whether three-stage surgery 
reduces the incidence of a false-positive diagnosis of 



ulcerative colitis, or whether surgical morbidity or 
pouch function is adversely affected. Some surgeons 
recommend routine staging of surgery in order to 
be as sure as possible of the diagnosis [8]. 

However, the situation may not become any 
clearer after colectomy. This is particularly the case 
when emergency colectomy has been performed 
for severe uncontrolled colitis. The severity of the 
pathological changes frequently obscures any dis- 
criminating histological features [19]. A sizeable 
proportion of Crohn's disease patients undergoing 
inadvertent restorative proctocolectomy had previ- 
ously undergone emergency colectomy for severe 
colitis [12, 18]. 

Once the colectomy has been performed the 
rectal stump may yield further useful information. 
In general terms, the defunctioning of the rectum 
in UC causes worsening of proctitis, whereas in 
Crohn's disease proctitis may improve [20]. Multi- 
ple biopsies of the rectum should be undertaken. It 
is important to be aware that the diverted ulcerative 
colitis rectum can develop histological features of 
Crohn's disease [21], and that a previously spared 
rectum in Crohn's disease may become inflamed, un- 
derlining the importance of the pre-existing mucosal 
state [20]. 

Occasionally surgery cannot be staged preferen- 
tially, for example, the patient may wish to avoid 
a stoma. If there is diagnostic doubt, careful intra- 
operative macroscopic inspection of the opened 
colon prior to proctectomy with or without frozen 
section may be valuable. Pathologists are usually 
against the use of frozen section in the assessment 
of inflammatory bowel disease. However, we sug- 
gest there is an important role for frozen section in 
selected circumstances [21]. 

When the macroscopic appearances of the 
opened colon lead to diagnostic doubt, we would 
recommend frozen section from the following sites: 

1 The largest lymph node: The presence of well- 
formed granulomas would support a diagnosis of 
Crohn's disease. Poorly formed granulomas are not 
enough. 

2 A transmural section of the most severely af- 
fected area: This will assess the presence and 
pattern of transmural inflammation. Characteristi- 
cally, in Crohn's disease there are multiple discrete 



CONTROVERSIES IN SURGICAL MANAGEMENT OF CROHN'S DISEASE 235 



lymphoid aggregates throughout the full thickness 
of the bowel wall, particularly on the external bor- 
der of the muscularis propria. In fulminant ulcera- 
tive colitis inflammation may be seen deep into the 
mucosa, but this is a diffuse inflammatory cell in- 
filtrate at the sites of severe ulceration, and discrete 
lymphoid aggregates are not seen here. 
3 Macroscopically normal bowel between focal le- 
sions: This is to look for continuity of mucosal dis- 
ease. This is often the most useful sample. The only 
recognised and acceptable 'skip' lesions in ulcera- 
tive colitis are in the appendix [22.] and the caecal 
patch lesion [23]. Minor changes should be ignored 
and the pathologist should be prepared to give one 
of three firm answers: 'definite ulcerative colitis', 
'definite Crohn's disease' or 'I do not know'. 

Given that the appearances of the defunctioned 
rectum in ulcerative colitis may be confused with 
Crohn's disease [14], there is no role for frozen 
section of a diverted proctectomy specimen to 
determine whether a pouch should or should not 
be constructed. 

In tertiary colorectal referral centres there are a 
high proportion of one- and two-stage pouch proce- 
dures. In this setting, careful intra-operative macro- 
scopic evaluation with or without frozen section be- 
comes more important. 



Anal fistula in Crohn's disease 

These occur in 6-34% of patients with Crohn's 
disease particularly in those with colonic or rectal 
disease. Fistulas may be directly secondary to fis- 
tulating disease of the anorectum or may be inci- 
dental to the Crohn's disease and be of cryptogenic 
origin. 

Treatment may be surgical or non-surgical. The 
aim of treatment is to cure the fistula and, where 
possible, minimise recurrence while preserving con- 
tinence. In Crohn's disease the last goal is impor- 
tant given the prevalence of diarrhoea and short 
gut in the patients, the reduced rectal compliance 
secondary to proctitis and the perhaps already im- 
paired continence due to previous anal surgery, anal 
stenosis and the direct local effects of anal Crohn's 
disease. 



Low fistulae 

With low fistulae (sub-cutaneous, inter-sphincteric 
and low trans-sphincteric fistulae) the controversy 
revolves around whether these can be simply laid 
open or not. Most surgeons would lay open a non- 
Crohn's fistula at these levels, but some consider 
that special consideration ought to be given to the 
Crohn's patient and that no sphincter muscle, ex- 
ternal or internal, be divided at all. There are two 
schools of thought. The conservative school is based 
on the apparent natural history of Crohn's fistu- 
lae. In many cases fistulae pursue a relatively benign 
course; in natural history studies, 15-50% of fistu- 
lae seem to heal spontaneously at 2 years [24, 25]. 
However, reopening or development of new fistulae 
occurred in up to 44% within 18 months of heal- 
ing [25], although it may be difficult to distinguish 
between a healed fistula and a fistula in remission. 
In one study, fewer than 5% of patients came to 
proctectomy at 10 years because of fistulous disease 
[24]. Another concern is the apparent high rate of 
non-healing of perineal wounds, up to 40% in some 
studies [26-29]. Furthermore, of course, continence 
may be impaired, resulting in an incidence of 'iatro- 
genic' requirement for proctectomy. 

However, others have reported successful re- 
sults with aggressive therapy, questioning the wis- 
dom that local surgery should be avoided in these 
patients. Sangwan et al. reported laying open 35 
low fistulae without functional deterioration [30]. 
This was supported by data from Williams et al. 
[31] and Sohn et al. [32]. Wound healing eventu- 
ally occurred in the majority of cases, although of- 
ten this was delayed to between 3 and 6 months. 
The risk of proctectomy for incontinence was very 
low. 

For a disease such as Crohn's that is incurable, 
where surgery remains palliative, when several other 
factors contributing to incontinence may be present, 
and when other therapeutic options are becoming 
available, it is wise to be conservative. 

High fistulae 

Laying open these fistulas leaves the patient inconti- 
nent because the tract will involve a large amount of 
external sphincter. After acute suppuration has been 
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dealt with many treatment options exist to choose 
from, none of which is particularly successful. 



Observation 

Even if no action is taken, some fistulae will close 
spontaneously [24, 25]. However, there is a large 
reactivation rate. 



Medical therapy 

Medical therapy is appealing in principle, because 
continence is not jeopardised. 



Steroids and aminosalicylates 

Closure of a fistula is rare among patients receiv- 
ing standard therapy only, such as 5 -aminosalicylic 
acid (5 -ASA) or corticosteroids. Steroids may pre- 
vent the healing of fistulas [33, 34]. Patients with 
perianal Crohn's disease seem resistant to steroids 
[35]. It is unclear whether oral aminosalicylates are 
effective but topical aminosalicylates may be helpful 
in reducing associated rectal inflammation [34, 36]. 



Antibiotics 

Some antibiotics, including metronidazole and 
ciprofloxacin, have been anecdotally successful in 
treating fistulae but have not been properly studied 
in controlled clinical trials [37, 38]. 



Immunomodulatory drugs 

Some success has been achieved with immunomod- 
ulatory agents. There are no controlled trials with 
fistula closure as the primary end point showing the 
efficacy of azathioprine or 6-mercaptopurine. Their 
use in this setting is based on a meta-analysis of 5 
controlled studies in which fistula closure was a sec- 
ondary end point [39]. 

Intravenous ciclosporin was shown in two small 
uncontrolled studies to close fistulae, but they re- 
curred on switching to oral ciclosporin [40, 41]. 
In another small, uncontrolled study, methotrexate 
closed one-third of fistulae [42]. 



Newer drugs such as mycophenylate mofetil and 
tacrolimus have also been used in this context. 
Fickert et al. [43] used mycophenolate mofetil to 
treat a small number of patients who had failed 
treatment with azathioprine, with some success in 
all cases. However, another study showed less opti- 
mistic results. Of 1 1 patients who had failed treat- 
ment with 6-mercaptopurine or azathioprine, my- 
cophenelate was of benefit in only 3 patients [44]. In 
a study of tacrolimus with either 6-mercaptopurine 
or azathioprine 7 out of n patients treated had a 
complete response and 4 a partial response [45]. A 
more recent randomised placebo-controlled trial of 
tacrolimus found that the drug was not significantly 
more effective than placebo in causing fistula remis- 
sion, although it was significantly more likely to re- 
sult in some improvement [46]. 

Infliximab 

A randomised, placebo-controlled, double-blind 
trial of infliximab, a chimeric monoclonal antibody 
to tumour necrosis factor (TNF) for the treatment 
of Crohn's enterocutaneous or perianal fistulae in 
94 patients [47] showed a 50% reduction in the 
number of draining fistulae in 68% of infliximab- 
treated patients as compared with 26% for placebo- 
treated patients (P = 0.002). Fistula closure was 
achieved in 5 5 % as compared with 13% for placebo 
(P = 0.001). Many of these responses were rapid 
and dramatic. Although infliximab was seen to 
close fistulas, the median duration of response 
following the 3 -dose induction regimen was only 
12 weeks. 

To evaluate the efficacy of infliximab mainte- 
nance therapy for patients with Crohn's fistulas a 
multi-centre, double blind, randomised, placebo- 
controlled trial, ACCENT II, [48] was conducted. 
This showed that of 282 patients who received 
infliximab at o, 2 and 6 weeks, 195 had a response 
at 10 and 14 weeks. A complete response was 
seen in 48% of patients at week 14. All patients 
regardless of response were then randomly assigned 
to receive placebo or infliximab every 8 weeks and 
were followed for 54 weeks. The primary analysis 
was the time to loss of response among patients 
who had a response at week 14. The time to loss 
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of response was significantly longer in those who 
received infliximab maintenance therapy. At week 
54,36% in the infliximab maintenance group had a 
complete absence of a draining fistula compared to 
19% of patients in the placebo maintenance group. 

Rutgeerts et al. [49] recently published guide- 
lines for optimising anti-TNF treatment and recom- 
mended that, as the majority of patients relapse if 
not re-treated, maintenance doses of infliximab at 
8-week intervals are indicated. They stated further 
that if episodic therapy on relapse is undertaken, 
as opposed to a regular 8-week regime, mainte- 
nance therapy with azathioprine/6-mercaptopurine 
or methotrexate is mandatory. 

Safety problems with antibody treatment have 
been a concern. The Mayo Clinic reported its ex- 
perience of 500 patients [50] who received a me- 
dian three doses of infliximab and were followed up 
for a median of 17 months. Serious adverse events 
related to infliximab were observed in 6% of pa- 
tients. Acute infusion reactions occurred in 3.8%, 
serum sickness in 2.8%. Three patients developed 
drug-induced lupus. One patient developed a new 
demyelinating disorder, and 8.2% had an infectious 
event attributed to infliximab. Three malignancies 
were detected, possibly related to infliximab, as were 
5 deaths (1%). 

In the ACCENT II trial adverse events occurred 
at the same rate in the placebo maintenance and 
the infliximab groups. The most common serious 
adverse event was worsening Crohn's disease. In- 
fections requiring antibiotics occurred in a third of 
patients. Infusion reactions occurred more often in 
the infliximab group (4% vs 1%, p < 0.001). 

Fibrin glue 

This has been used to treat other fistulae such as en- 
terocutaneous, non-Crohn's fistulae with some suc- 
cess. Although encouraging short-term results have 
been achieved in non-Crohn's fistula, with published 
cure rates of 33-85%, the smaller experience in 
Crohn's disease is not as good. In five small series 
[51-55] only 3 out of 26 patients treated were cured 
(12%), although there was a symptomatic improve- 
ment in a proportion of the remaining patients. The 
role of fibrin glue in the setting of Crohn's disease is 



not yet defined. No controlled trials are reported as 
yet. 

Surgical therapy 

Long-term draining seton 

The long-term draining seton has gained popularity 
in recent years. The aim here is to control the fis- 
tula and prevent recurrent sepsis. Faucheron et al. 
reported on 41 patients with setons and noted a re- 
current sepsis rate of 30% requiring an additional 
seton, as well as a 39% recurrence rate with sim- 
ple removal [56]. The incontinence rate was 12% 
and ultimately 12% came to proctectomy, mainly 
for severe disease. White et al. reported on 16 pa- 
tients with long-term setons, and noted a recurrent 
sepsis rate of 11% [57]. No recurrent sepsis devel- 
oped in two patients, who's setons fell out. Williams 
etal. published his experience in treating 23 Crohn's 
fistulae [58]. Recurrent sepsis developed in 75% of 
12 patients in whom the seton was removed or fell 
out, but in 4 8 % of patients sepsis was controlled, al- 
lowing the seton to be removed in a minority. Minor 
incontinence was seen in 26%, and 13 % of patients 
came to proctectomy for severe progressive disease. 
More recently, Buchanan et al. [59] published long- 
term follow-up data on six Crohn's disease patients 
whose complex fistulae were treated with a loose se- 
ton. All had at least 10-years follow-up and at this 
stage five of six patients had relapsed. They stated 
that the success rate of loose setons falls over time. 
It appears that draining setons have a very use- 
ful role to play, allowing control of recurrent sepsis 
with preservation of continence rather than fistula 
cure. However, recurrent sepsis may occur despite 
drainage, and the setons may fall out, making re- 
currence more likely. Significant rates of minor in- 
continence occur, perhaps related to the diarrhoeal 
disease, or possibly an unintended cutting seton ef- 
fect in some. Their precise role as definitive therapy 
is less clear. 



Cutaneous advancement flap 

Cutaneous flap advancement has been used recently 
in small numbers to treat Crohn's disease and 
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non-Crohn's trans-sphincteric fistulae [60, 61]. The 
rationale is the same as that for endoanal advance- 
ment flap, while avoiding the problem of mucosal 
ectropion. With modest follow-up, four out of nine 
Crohn's fistulae (44%) were healed. One theoretical 
concern might be the risk of poor skin healing with 
flap failure and it would be contraindicated in the 
presence of otherwise active disease. Its place in the 
treatment of Crohn's fistula in not defined. 



Mucosal advancement flap 

A mucosal advancement flap has several attractions. 
A trans-sphincteric fistula can be closed with min- 
imal risk to continence and a perineal wound, with 
its associated pain and poor healing, is avoided. The 
increasing use of flaps has developed because of the 
concern that aggressive laying open of high fistu- 
lae results in a high risk of incontinence, with sub- 
sequent need for proctectomy. Rectal advancement 
flaps have been used in patients with non-Crohn's 
trans-sphincteric and rectovaginal fistula with good 
success. The results in Crohn's fistulae are less 
encouraging. Table 19. 1 documents the reported 
series of rectal advancement flaps for anorectal 
fistulae in Crohn's disease. Successful closure rates 
vary from 43 to 92% [62-71]. Makowiec et al. 
reported a series of 20 flaps where primary closure 
of the fistula was achieved in 95% [62]. These 



patients were then closely followed for recurrence 
over 2 years. Twenty-five per cent of patients 
experienced recurrence, and if the appearance 
of new fistulae is included it was even higher. 
Incontinence was minimal. In this study, recurrence 
was strongly associated with the presence of colonic 
rather than small-bowel Crohn's disease. Rectal dis- 
ease activity is thought to influence surgical success, 
and there is general agreement that a flap ought 
not to be attempted in the presence of macroscopic 
proctitis, which should be controlled medically. 

Summary 

In the face of numerous treatment options and with 
little quality evidence to choose between strategies, 
the following treatment algorithm was published 
by the American Gastroenterological Association 
[72]. Fistula treatment should begin with drainage 
of abscesses and dilatation of ano-rectal strictures. 
Simple fistulas (low, single external opening and no 
associated rectovaginal fistula) with no evidence of 
rectal inflammation can be treated medically with 
antibiotics and azathioprine or infliximab, or by 
fistulotomy after formal assessment using an exami- 
nation under anaesthetic (EUA), and endoanal ultra- 
sound (EUS) or magnetic resonance imaging (MRI). 
If there is evidence of rectal inflammation treatment 
should be medical with antibiotics, azathioprine 



Table 19.1 Reported series of rectal advancement flaps for anorectal Crohn's fistula. 



Study (First author, 










Follow-up 


reference) 


Number 


Primary failure 


Recurrence 


(months) 


Makowiec [62] 


20 


1/20 


4/20 




12 (median) 


Jones [63] 


6 


2.16 


2/4 




3-67 


Lewis [64] 


6 


1/6 


- 




2-24 


Fry [65] 


3 


0/3 


- 




- 


Joo [66]* 


8 


- 


- 




- 


Ozuner [67]* 


47 


- 


15/47 




31 (median) 


Kodner [68]* 


M 


- 


7/24 




- 


Sonoda [69]* 


44 


- 


22/44 




17 (median) 


Mizrahi [70]* 


28 


- 


16/28 




40 (median) 


Hyman [71] 


14 


4/14 


3/14 






Total 


200 


8/49 (16%) 


69/181 


(38%) 


- 



* Report mixed rectovaginal and anorectal fistulae: 50% anorectal fistulae [67]; 33% anorectal fistulae [68]; 2.5% anorectal fistulae 
[66]; anorectal fistulae 63% [69]; anorectal fistulae 56% [70]. 



CONTROVERSIES IN SURGICAL MANAGEMENT OF CROHN'S DISEASE 239 



and infliximab or tacrolimus considered in selected 
patients. A loose seton may also be employed. 

Complex fistulas (high, and/or with multiple ex- 
ternal openings, rectovaginal fistula and anorectal 
stricture) should be assessed as above and treated 
initially with antibiotics, infliximab, azathioprine or 
6-mercaptopurine, followed by maintenance ther- 
apy with azathioprine or 6-mercaptopurine, in some 
cases combined with infliximab. Placement of loose 
setons or the use of advancement flaps is reserved for 
those patients who fail medical therapy. Advance- 
ment flaps should not be attempted in the presence 
of macroscopic rectal inflammation. Tacrolimus 
or ciclosporin can be considered in selected pa- 
tients who fail multi-modal treatment, including 
infliximab, before proceeding to faecal diversion or 
proctectomy. 

It should always be borne in mind that Crohn's 
disease is incurable, and as such all therapies are 
palliative and must be conservative. The aim should 
be to control the patient's symptoms with the 
least risk to continence, aiming for maximal rectal 
conservation. However, in cases where function 
is poor because of severe Crohn's disease, about 
10% of patients will ultimately be better served by 
proctectomy and permanent ileostomy. 

Laparoscopic surgery for Crohn's disease 

Patients with Crohn's disease are likely to require 
surgery at some stage and may often require more 
than one operation. Laparoscopic surgery has sev- 
eral potential benefits in a Crohn's setting. Limit- 
ing the extent of such surgery has always been a 
goal because Crohn's patients tend to heal badly. 
Reducing the surgical insult (with a reduced size 
of incision) may result in less impairment of the 
patient's immunological system, which is already 
compromised in Crohn's patients, especially if be- 
ing treated with immunosuppressive drugs. Smaller 
incisions may also result in fewer adhesions. Cosme- 
sis is an important concern to many patients and is 
better with laparoscopic surgery. Additionally, there 
may be the benefits of quicker recovery time and 
shorter hospital stay. 

However, it is controversial as to whether the 
potential benefits of the laparoscopic approach are 



so great as to compensate for the extra technical 
difficulty involved and with this the potential for 
increased complications. Morbidity and mortality 
outcomes remain the most important end points in 
judging between open and laparoscopic surgery. It is 
clearly also important to show that long-term out- 
comes in terms of disease recurrence are also similar. 

Considering papers produced over the last 
5 years describing different authors' experience of 
laparoscopic surgery for bowel resection in Crohn's 
disease, most actually describe laparoscopically as- 
sisted surgery rather than pure laparoscopic surgery. 
The most common operation described is ileocaecal 
resection. The majority of the publications detail ret- 
rospective series or case control studies with only 
one prospective randomised trial existing. 

Milsom et at. [73] reported a prospective 
randomised trial from the Cleveland Clinic of 60 
patients undergoing surgical resection for Crohn's 
disease. Thirty-one patients were assigned to the 
laparoscopic group and 29 to the open group; all 
had isolated Crohn's disease of the terminal ileum 
with or without caecal involvement. Length of 
incision was 5cm in the laparoscopic group and 
12 cm in the open group. Lung function recovered 
faster in the laparoscopic group. There was no 
significant difference in the time to return of bowel 
movement, the amount of morphine equivalents, 
or major complications. Minor complications were 
lower in the laparoscopic group. The length of stay 
was shorter by a day in the laparoscopic group 
(5 vs 6). All patients followed an identical and 
highly controlled peri-operative protocol. 

Eighteen papers were identified from the litera- 
ture [74-91] describing series of laparoscopic bowel 
resections for Crohn's disease in the last 5 years. 
Reviewing these, the following general comments 
can be made. Surgical time for laparoscopic opera- 
tions tends to be longer than for open operations. 
Conversion rates from laparoscopic to open range 
from 4-29%, the median percentage quoted being 
14.6%. Complications were not significantly dif- 
ferent between the laparoscopic and open groups 
where such a comparison could be made (10 pa- 
pers). Post-operative analgesic requirements, time to 
return of bowel function and hospital stay all tended 
to be lower for the laparoscopic patients. Return to 
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bowel function was typically 2-3 days earlier in the 
laparoscopic patients and hospital discharge tended 
to be 3 days earlier in this group. 

There is a lack of consensus as to whether 
patients with large fixed masses, complex fistulas 
or recurrent Crohn's disease are suitable for the 
laparoscopic approach, but most of the authors 
would attempt such cases and accept that the con- 
version rate to open would be higher than in more 
straightforward patients. Laparoscopic surgery has 
been successfully used to treat children and adoles- 
cents [74, 88, 91]. No paper showed differences in 
disease recurrence rates between the groups. Less 
symptomatic bowel obstruction was seen in the 
laparoscopic group in 30 months of follow up in 
one paper [87], perhaps suggesting fewer adhesions 
in this group. Two papers suggest lower costs in the 
laparoscopic group [84, 89]. 

In a recent review, Milsom [92] suggested it 
was possible that many of the short-term ben- 
efits of laparoscopic surgery over open surgery 
will be removed or at least considerably reduced 
when progressive multi-modal peri-operative man- 
agement is used. If this is the case the principal 
arguments for laparoscopic surgery will be cosme- 
sis and the possible reduction in long-term com- 
plications relating to a larger abdominal wound in 
open surgery. Multi-centre randomised trials with 
lengthy follow-up would of course answer such 
questions definitively. However, recruitment to such 
trials may be difficult if patients feel cosmesis to 
be a high priority and cannot be shown current 
evidence of a clear downside to the laparoscopic 
approach. 

Sylla et al. [93], in comprehensive review arti- 
cle, have recently looked at the possible immuno- 
logical benefits of laparoscopic surgery. Surgical 
trauma results in deleterious alterations in immune 
function. Laparoscopic surgery is associated with 
less pronounced perturbations in immune function 
than open surgery. This was seen for a number of 
pro-inflammatory and acute phase proteins. How- 
ever, documented post-operative alterations have 
not been definitely associated with specific dif- 
ferences in clinical outcome. They conclude that 
the evaluation of peri-operative immune function 
warrants further investigation. 



Minimising post-surgical recurrence 

5-ASA agents and other therapies 

Surgery has little effect on the rate of recurrence 
after resection for Crohn's disease. Recurrence 
remains a major problem with about 50% of 
patients relapsing by 10 years and a significant pro- 
portion demonstrating endoscopic preanastomotic 
recurrence within months of the primary operation. 
It was once believed that wide surgical resection 
might influence recurrence, but this has not been 
shown to be the case. Recurrence is lowest where 
there is no anastomosis and an end ileostomy and 
highest after ileorectal anastomosis. 

To improve recurrence rates interest has been 
shown in adjuvant medical therapy after surgical 
resection. Most interest is in the 5-ASA agents. The 
results of trials using various 5-ASA formulations 
have been inconclusive and such prophylactic 
therapy remains controversial. 

Five of seven placebo-controlled trials of the pro- 
phylactic effects of mesalamine compounds failed to 
show any benefit [94-98]. In one study there was 
less severe recurrence in the mesalamine group. The 
largest placebo-controlled study showed a reduction 
in the risk of relapse of 19% (45-26%) after 3 years 
prophylaxis with 4 g of a coated, pH-dependent 
release formulation [99]. The results of this trial 
eclipsed previous studies and it was recommended 
that adjuvant therapy be adopted. 

However, recent data have emerged casting 
doubt on the efficacy of prophylaxis. A meta- 
analysis of published studies concluded that the 
risk reduction was 0.13 with mesalamine (95% 
CI 0.05-0.21) [100]. Additionally, the results of 
what was hoped would be the definitive trial of 
prophylaxis have been published [101]. The trial 
addressed some of the perceived shortcomings of 
previous studies: all patients were entered within 10 
days of resection, the maximum recommended dose 
for the micro-sphere formulation of mesalamine 
(Pentasa) was used, and in a preparation that re- 
leased the drug along the whole length of the small 
bowel. Three hundred and eighteen patients were 
randomised to receive 4 g of Pentasa or placebo. 
On an intention-to-treat analysis, the recurrence 
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rate in the active arm was 24.5% and 31.4% in the 
placebo arm (P = 0.1). 

What should be made of these results? If we 
conclude that routine use of 5 -ASA prophylaxis is 
not indicated, are there selected subsets of patients 
who may benefit and can we target them? What 
are the other alternatives? Although theoretically at- 
tractive, it is difficult to identify early relapsers or 
high-risk patients. Those with more extensive dis- 
ease, and inflammatory rather than fibrostenosing 
disease, should a priori be given the possible benefit 
of adjuvant therapy until further evidence becomes 
available. 

What other prophylactic options are avail- 
able? Metronidazole (20 mg/kg or 400 mg bd for 
3 months) and metronidazole-like drugs have been 
studied, with a significant reduction in clinical re- 
lapse at 12 months but not sustained over time 
[102]. Budesonide 6 mg has been compared to 
placebo in a double-blind randomised trial of 129 
patients after ileal or ileocaecal resection for Crohn's 
disease [103]. There was no significant difference in 
endoscopic recurrence between the two groups at 
12 months. This parallels pooled budesonide data in 
maintenance of medical remission [104]. Although 
recurrence was reduced with budesonide for those 
in whom the indication for surgery was disease 
activity rather than fibrostenotic disease (32% vs 
65%, P = 0.047), it mav be statistically unjusti- 
fied to draw any subset conclusions from a nega- 
tive study. Although methotrexate and azathioprine 
have been shown to be effective in preventing relapse 
after medically induced remission, the post-surgical 
data that are available are in most cases disappoint- 
ing [105, 106]. Alves et al. [107] found that pa- 
tients following a second resection for Crohn's who 
were treated with azathioprine, 6-mercaptopurine 
or methotrexate had a significantly lower level 
of clinical recurrence at 3 years (25% vs 60%, 
P < 0.05) than those given either salicylates or no 
treatment. This difference lost significance at a mean 
follow up time of 80 months. 6-mercaptopurine has 
been shown in a double blind randomised multi- 
centre trial to be more effective than placebo in 
preventing clinical recurrence over 2 years (50% 
vs 77%, P < 0.05) [98]. Because recurrence rates 
are highest in smokers, especially young females, 



probably the best thing we can do for patients is 
to encourage smokers to give up [108]. Ex-smokers 
quickly adopt the recurrence risk profile of non- 
smokers [109]. 

Stapled ileocolic anastomoses 

It has been suggested that the anastomotic configu- 
ration after ileal or ileocaecal resection for Crohn's 
disease may influence the rate of symptomatic or 
surgical recurrence. The rationale for this lies in the 
known high early preanastomotic recurrence as doc- 
umented by endoscopy [no, in] and the notion 
that a standard end-to-end anastomosis produces 
the narrowest lumen and so may make anastomotic 
recurrence more likely to be symptomatic. This is, 
however, controversial. Scott reported on a series of 
102 anastomoses constructed over 20 years [112]. 
In the first 12 years, an end-to-side ileocolic anasto- 
mosis was used. Thereafter, a side-to-side configura- 
tion was preferred. It was thought that by producing 
a larger lumen, symptomatic recurrence might be 
reduced or delayed. Although the median follow- 
up was dissimilar, on an actuarial assessment there 
was no difference in recurrence. Similarly Cameron 
et al., in a prospective randomised study, found 
no difference between end-to-end and side-to-end 
anastomosis [113]. 

Conversely, in a multi-centre randomised trial 
on the effectiveness of post-resection 5 -ASA agents 
in reducing recurrence, a trend to less recurrence 
was seen in those who had anastomoses other 
than end-to-end, and this reached significance in 
those on a 5 -ASA agent using multivariate analysis 
[114]. A report from Mayo and Birmingham 
retrospectively comparing so-called wide-lumen 
stapled anastomosis to a matched group who had 
undergone sutured end-to-end anastomosis showed 
fewer symptomatic recurrences (24% vs 57%) 
and a significantly (P = 0.017) lower cumulative 
re-operation rate for the wide stapled anastomosis 
[115]. Further trials will be reporting shortly. 

It is difficult to be clear about the claimed advan- 
tage of leaving a wider anastomotic lumen. Some 
surgeons express concern at stapling in Crohn's dis- 
ease due to the often thickened bowel wall, but there 
is no evidence for an increase in anastomotic leaks. 
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20: Perianal Crohn's disease 

Carl J. Brown and Robin S. McLeod 



Introduction 

Gabriel described the presence of multi-nucleated 
giant cells in the tissues of patients with rectal fistu- 
lae nearly io years prior to the sentinel description 
of Crohn's disease by Crohn, Ginzberg and Oppen- 
heimer [i, 2]. Although the significance of this dis- 
covery was not appreciated at the time, subsequently 
Bissell was able to show an association between 
'regional enteritis' and perianal disease [3]. It is now 
accepted that perianal disease occurs frequently and 
is a cause of morbidity in patients with Crohn's 
disease. 

There is great variation in the reported frequency 
of perianal lesions. These discrepancies are likely 
due to differences in the intensity of the search made 
for anal lesions and in the definition of what con- 
stitutes perianal Crohn's disease. In addition, most 
reviews have been performed retrospectively. Rates 
ranging from 32 to 80% have been reported [4-7]. 
Although the rates vary from series to series, there 
is consistency in reporting a higher frequency of 
perianal lesions in patients with colonic or rectal 
disease. In a retrospective study, Fielding reviewed 
167 patients and found that 80% had perianal com- 
plications [4]. The National Crohn's Cooperative 
Disease Study (NCCDS) was a prospective study 
that reported on the prevalence of perianal disease 
[6]. Only fissures, fistulae and abscesses were con- 
sidered. Overall, of the 569 patients entered into 
the study, 36% gave a history of perianal disease 
before randomisation, including 14% who had pe- 
rianal complications at the time of randomisation. 
During the study, an additional 70 (12%) developed 



perianal complications. Palder et al. reported that 
200 of 325 (62%) paediatric patients with Crohn's 
disease developed perianal manifestations [8]. This 
included skin tags in 35%, fissures in 51%, fistu- 
lae in 15% and abscesses in 13%. Approximately 
three-quarters of these patients with perianal dis- 
ease had a perianal symptom as part of their initial 
presentation. 

There is a wide range of perianal man- 
ifestations of Crohn's disease. Buchmann and 
Alexander- Williams classified perianal disease into 
the following categories: (1) skin lesions, including 
maceration, erosion, ulceration, superficial abscess 
formation and skin tags; (2) anal canal lesions, in- 
cluding fissure, ulcer and stenosis; and (3) fistulae, 
encompassing low, high and recto-vaginal fistulae 
[9]. In this classification, skin lesions are usually 
considered to be due to diarrhoea and local irri- 
tation resulting in maceration and subsequent ul- 
ceration and subcutaneous abscess formation. Non- 
operative management only is required. Anal canal 
lesions and fistulae will be reviewed in this chapter. 



Measurement of perianal Crohn's 
disease severity 

In 1995, Irvine proposed the Perianal Disease Activ- 
ity Index (PDAI) as a tool to assess perianal disease 
severity [10]. This instrument includes five elements 
of perianal disease and each item is evaluated using 
a five-point Likert scale (Table 20.1). This tool has 
been validated against physician (MDGA) and pa- 
tient (PGA) global assessments. In a recent review, 
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Table 20.1 Perianal disease 
activity index (PDAI) [10]. 



Categories affected by fistulae 
Discharge 

Pain/restriction of activities 



Restriction of 



sexual activity 



Type of perianal disease 



Degree of induration 



No discharge 

Minimal mucous discharge 

Moderate mucous or purulent discharge 

Gross faecal soiling 

No activity restriction 

Mild discomfort, no restriction 

Moderate discomfort, some limitations 

of activity 
Marked discomfort, marked limitations 
Severe pain, severe limitations 

No restriction of sexual activity 
Slight restriction of sexual activity 
Moderate limitations of sexual activities 
Marked limitations of sexual activities 
Unable to engage in sexual activities 

No perianal disease/skin tags 
Anal fissure/mucosal tear 
<3 perianal fistulae 
>3 perianal fistulae 
Anal sphincter ulcerations or fistulae 
with significant undermining of skin 

No induration 
Minimal induration 
Moderate induration 
Substantial induration 
Gross fluctuance/abscess 



Score 

o 
1 
2 
3 
o 



this instrument was said to be the gold standard 
for evaluating severity of perianal disease [n], and 
it has been utilised in recent prospective trials [12, 

Pikarsky et al. [14] have suggested an alternative 
to the PDAI, citing its weakness in determining prog- 
nosis when considering surgical interventions for pe- 
rianal Crohn's disease. They describe the Perianal 
Crohn's Disease Activity Index (PCDAI), an assess- 
ment designed to assess severity and predict post- 
operative outcome in patients undergoing surgery 
for perianal Crohn's disease (Table 20.2). A retro- 
spective analysis of 28 patients undergoing a variety 
of surgical procedures was used to validate the scor- 
ing system against a subjective assessment of patient 
outcome assessed by the attending surgeon. They 
found that pre-operative scores greater than 20 (of 
a possible 55) were associated with poor outcomes 



after surgical intervention. Further prospective eval- 
uation of this instrument is necessary to determine 
its utility in clinical and research applications. 

An assessment tool designed specifically to mea- 
sure fistula healing was developed by Present et al. 
(Table 20.3) [15]. There are two endpoints: im- 
provement, which is defined as a decrease from 
baseline in the number of open-draining fistulae of 
50% for at least two consecutive visits (at least 
4 weeks); and remission, defined by closure of all 
fistulae that were draining at baseline for at least 
two consecutive visits. Although the choice of 50% 
or more fistula closure at two consecutive visits may 
provide an objective measure of 'improvement' in 
drug trials, it is uncertain whether it indicates erad- 
ication of the fistula given the natural history of 
fistula-in-ano. The long-term utility of this measure 
has never been assessed. However, this tool has been 
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Table 20.2 Perianal Crohn's disease activity index (PCDAI) 
[14]. 



Table 20.3 Fistulae drainage assessment [15]. 



Endpoints 



Definition 



Feature 

Abscess 

None or 

First occurrence, single abscess or 
First occurrence, multiple abscess or 
First recurrence, single or multiple abscess 
Maximum score 

Fistula 

None 

Short-term (<30 day) fistula or 
Long-term (>30 day) fistula or 
Persistent post-surgery fistula or 
Recurrent fistula 
Multiple fistula 

Recto-vaginal/recto-urethral fistula 
Recurrent recto-vaginal/recto-urethral fistula 
Maximum fistula score 

Ulcer and Fissure 

None 

Short-term (<30 day) ulcer/fissure or 

Long-term (>30 day) ulcer/fissure or 

Single ulcer/fissure or 

Multiple ulcers/fissures 

Maximum ulcer/fissure score 

Stenosis 

None 

Short-term (<30 day) stenosis or 
Long-term (>30 day) stenosis 
Recurrent stenosis 
Maximum stenosis score 

Incontinence Score* 

No incontinence or 
Incontinence score of 1-6 or 



Score 



3 

3 
3 
4 
6 

14 



Incontinence score or 7-14 or 


3 


Incontinence score >I4 


5 


Maximum incontinence score 


5 


Concomitant Disease^ 




None or 


0, 0, 0 


Moderate or 


3, 2, 1 


Severe 


4, 3, 2 


Active fistula 


4, 3, 2 


Maximum concomitant disease score 


18 



*From Jorge and Wexner, 1993 [ro3l- 

tFor rectal, colonic and small bowel disease, respectively. 



Improvement Improvement defined as a decrease from 
baseline in the number of open 
draining fistulae of 50% for at least 
two consecutive visits (at least 4 weeks) 

Remission Remission defined as closure of all 

fistulae that were draining at baseline 
for at least two consecutive visits (at 
least 4 weeks) 

Closure of individual fistulae defined as no fistula drainage 
despite gentle finger compression. 

used in studies of antibiotics, azathioprine and in- 
fliximab in perianal Crohn's disease and appears to 
be gaining wide acceptance [12, 15]. 



Anal fissures, ulcers and haemorrhoids 

Anal fissure 

Anal canal lesions include fissures and ulcers. Fis- 
sures tend to be broad-based and deep with un- 
dermining of the edges. There may be associated 
large skin tags and a cyanotic hue to the surround- 
ing skin. They may be multiple and placed eccentri- 
cally around the anal canal. Fissures or ulcers such 
as these are often associated with rectal disease. Of- 
ten these ulcers are asymptomatic. If there is pain, 
one must be suspicious of associated sepsis. If sep- 
sis is suspected, examination under anaesthesia and 
possible drainage is recommended. 

Most patients with fissures associated with 
Crohn's disease are managed medically. Patients 
having frequent bowel movements may benefit from 
the management of active proximal disease or, in the 
absence of disease, anti-diarrhoeal agents. Local 
therapies, including nitro-glycerine and diltiazem 
ointment, may be prescribed. There is evidence that 
these agents are effective in treating anal fissure in 
patients without Crohn's disease [16]. However, it 
is unclear if patients with fissures associated with 
Crohn's disease will derive similar benefits. Occa- 
sionally, fissures in these patients may be idiopathic 
in nature. Typically, these fissures occur in the pos- 
terior midline and are not associated with rectal 
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disease. Local therapies may be helpful in these pa- 
tients. In patients with multiple ulcers, particularly 
those associated with rectal disease, medical thera- 
pies such as infliximab and ciclosporin (q.v.) may be 
helpful. 

Sphincterotomy should be reserved for patients 
with unremitting symptoms despite optimal medical 
management. Small case series have demonstrated 
successful fissure healing in 67-88% after surgical 
intervention [17, 18]. However, these are results ob- 
served in a small group of highly selected patients 
accrued over 25 years and should not be generalised 
to patients with ulcers due to their Crohn's dis- 
ease. Careful patient selection is key, reserving sur- 
gical treatment for patients with idiopathic fissures 
(i.e. posterior midline) with no signs of sepsis and 
no active Crohn's disease of the rectum. 

Anal stenosis 

Patients with Crohn's disease may develop anal 
stenosis as a result of recurrent sepsis and fissures. 
Buchmann and Alexander-Williams demonstrated 
that 27 of 54 patients with anal fissure would de- 
velop significant 'induration' or frank anal stenosis 
at a 10-year follow-up [19]. However, despite the oc- 
casionally severe narrowing of the anal outlet, many 
patients have minimal or no symptoms because their 
stool is only semi-formed and can still pass. In pa- 
tients who require treatment, digital anal dilation or 
dilation with Hagar dilators is the preferred treat- 
ment [20]. Advancement flaps may not heal, tend 
to cause further stenosis and therefore should be 
avoided. Patients with severe symptomatic recurrent 
stenosis despite multiple dilations are best treated 
with proctectomy [21]. 

Haemorrhoids 

Patients with Crohn's disease will occasionally de- 
velop symptomatic haemorrhoids. In 1977, Jeffery 
et al. reported a 4 1 % complication rate after 2 6 pro- 
cedures for haemorrhoids in patients with Crohn's 
disease [22]. These complications included non- 
healing and anal stenosis. Furthermore, 30% of 
these patients required a proctectomy as a direct 
result of these haemorrhoidectomy complications. 



Based on this report, conservative treatment has 
been the rule in these patients. A more recent study 
by Wolkomir et al. demonstrated a 76% success- 
ful healing rate after haemorrhoidectomy in patients 
with Crohn's disease [18]. However, this was a small 
series and none of these patients had active disease 
at the time of surgery. To date, there have been no 
reports on haemorrhoid banding or stapled haem- 
orrhoidectomy in patients with Crohn's disease. 

It is a very rare circumstance that a patient with 
Crohn's disease has perianal symptoms that are truly 
related to haemorrhoids. More commonly, these 
symptoms are actually a result of perianal manifes- 
tations of the Crohn's disease (undiagnosed fistula, 
skin tags, etc.) or irritation resulting from frequent 
loose bowel movements. The primary goal of ther- 
apy in these patients should be to focus on control- 
ling these symptoms, and it is the opinion of the 
authors that haemorrhoidectomy is never indicated. 

Abscess and fistula 

Abscesses and fistulae in Crohn's disease are vex- 
ing problems that often require a combined medi- 
cal and surgical approach. Considerable research in 
this area over the past decade has advanced the diag- 
nostic and treatment options to treat these difficult 
manifestations. 



Diagnosis and classification 

Perianal abscesses and fistulae in patients with 
Crohn's disease are classified using the same 
anatomical relationships as those seen in otherwise 
healthy patients. Abscesses are described as peri- 
anal, inter-sphincteric, ischiorectal or supralevator 
(Fig 20.1). Similarly, fistula-in-ano are described us- 
ing the Parks classification (Fig 20.2) as superficial, 
inter-sphincteric, trans-phincteric, supra-sphincteric 
or extra-sphincteric [23]. Fistulae may also be cat- 
egorised as simple or complex. Simple fistulae are 
generally those that are low lying with only one ex- 
ternal opening. However, complex fistulae exhibit at 
least one of the following qualities that make them 
more complicated to treat: 'high' tract incorporating 
a significant amount of anal sphincter, recto-vaginal 
fistulae, multiple fistulae and concurrent abscess. 
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Supralevator 
abscess 



Intersphincter 
(intramuscular 
or submucosal) 
abscess 

Ischioanal 

(ischiorectal) 

abscess 

Perianal abscess 




Levator 
ani muscle 



Internal sphincter 
External sphincter 



Fig 20.1 Anatomical 
classification of abscesses of the 
ano-rectum. 



Clinical evaluation 

Perianal abscess is a common problem and is seen 
in many patients without Crohn's disease. How- 
ever, because perianal disease may precede intesti- 
nal manifestations [24], a high degree of suspicion 
is required in patients who present for treatment 
of their perianal lesions and have atypical lesions 
or symptoms related to their gastrointestinal tract. 
Patients with suspicious bowel habit or abdomi- 
nal complaints should be assessed with small bowel 
follow-through, CT scan and/or colonoscopy. Other 
diseases that must be considered in the differential 



diagnosis are sexually transmitted diseases, peri- 
anal leukaemia, perianal tuberculosis and anal can- 
cer and appropriate investigations must be un- 
dertaken to rule out these diseases. In patients 
with perianal lesions who have known endoscopic 
and histologic evidence of ulcerative colitis, one 
should be suspicious of the diagnosis of Crohn's 
disease. 

Although examination of the perianal area is of- 
ten the key component of the evaluation, patients 
may experience significant discomfort, making ex- 
amination difficult. In those instances examination 
under anaesthesia (EUA) is indicated. 




Superficial 
Trans-sphincteric 



Extra-sphincteric 
Supra-sphincteric 



Inter-sphincteric 



Fig 20.2 Parks' classification of 
fistula-in-ano. 



PERIANAL CROHN'S DISEASE 251 



Examination under anaesthetic 

Examination under anaesthetic can be both diag- 
nostic and therapeutic in patients with perianal ab- 
scesses and fistulae. It is indicated in patients who 
( 1 ) are unable to be assessed clinically due to discom- 
fort or pain (z) have complex perineal disease that 
cannot be assessed fully in the clinic or (3) have a 
suspected abscess that requires drainage. Abscesses 
should be suspected in all patients who have peri- 
anal disease and who complain of pain in previously 
asymptomatic fissures and fistulae. 

EUA should be performed under general anaes- 
thesia with the patient positioned in either lithotomy 
or prone jacknife position. Frequently, the perineum 
of a patient with severe perianal disease is diffusely 
indurated making identification of small abscesses 
challenging (Fig 10.3). Probing with an 18-gauge 
needle can help identify the abscess cavity. Exam- 



ination under anaesthetic is 80-100% sensitive in 
identifying superficial abscesses [25-27]. However, 
Schaefer et al. and Beets-Tan et al. demonstrated 
that 14-3 5 % of supralevator abscesses identified by 
magnetic resonance imaging (MRI) could be missed 
by an initial EUA, even when performed by an ex- 
perienced colorectal surgeon [26, 27]. 

Fistulae should be suspected in all patients with 
Crohn's disease who have had a perineal infection. 
External openings are usually identifiable by a slight 
puckering of the skin. The fistula may be identified 
by cannulation with a malleable probe. If the in- 
ternal opening is not easily identified with probing, 
the external opening can be injected with methylene 
blue, milk or hydrogen peroxide. These substances 
will fill the tract and can be observed bubbling out 
through the internal opening. These techniques have 
been shown to be more than 90% sensitive in iden- 
tifying the fistula tract [25, 26]. 




Fig 20.3 Patient with Crohn's disease with complex 
perineal fistula. 



Fistulography and computed tomography 

The use of fistulography in the evaluation of peri- 
anal Crohn's disease has been found to be inferior 
to EUA and occasionally misleading [28]. Early as- 
sessment of fistula in Crohn's disease with computed 
tomography showed similarly poor results [29]. The 
introduction of endorectal ultrasound and magnetic 
resonance imaging has replaced fistulography and 
CT scan in the evaluation of perianal disease. 

Endorectal ultrasound 

Since the early 1990s, endorectal ultrasound (EUS) 
has been utilised to assess perianal abscess and fis- 
tula [30]. Recent studies using surgical evaluation as 
a comparison have demonstrated accuracy of over 
90% [25, 31]. Technical improvements such as the 
adjunctive use of a transvaginal probe and the util- 
isation of hydrogen peroxide injected into the ex- 
ternal opening of the fistula have led to improved 
diagnostic capabilities of EUS (Fig 20.4) [31-35]. 

EUS has been criticised for its inter-operator 
variability and questionable ability to augment sur- 
gical assessment. Furthermore, it may not be possi- 
ble to use it outside of the operating room if painful 
abscesses are present. However, Solomon used EUS 
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Fig 20.4 Transperineal ultrasound (us) of complex perianal fistula in a patient with Crohn's disease, (a) Axial US image of 
normal anal canal, demonstrating both internal (hypodense dark ring) and external (hyperdense white ring) sphincter, 
(b) Axial image of the mid anal canal taken with a transvaginal probe on the perineum shows an intersphincteric fluid 
collection (arrows) anteriorly, (c) Fistula tract elucidated by placing probe over external opening (EO) at skin. The tract 
runs deep away from the EO towards its connection with the anal canal, shown on a different image, (d) Axial image 
shows a transphincteric tract which originated slightly higher in the anal canal at an opening in the posterior midline. 
After passing through the external anal sphincter, the tract (arrows) runs obliquely to the right side and to the EO, shown 
on a different image. (Images courtesy of Dr. Stephanie Wilson, University of Toronto.) 



to assess patients with Crohn's disease and suspected 
perianal disease and found that endorectal ultra- 
sound changed patient management in 61% of pa- 
tients [36]. The key advantages of endorectal ultra- 
sound are that it is inexpensive, portable and has 
potential for intra-operative use in conjunction with 
EUA [37]. The disadvantage is that it is operator- 
dependent. Optimally, EUS should be performed in 
the operating room by the operating surgeon. It has 
the potential to become more prevalent as surgeons 
gain experience with this modality, although there 



is a distinct possibility that EUS will be supplanted 
by MRI. 

Magnetic resonance imaging 

In 1992, Luniss reported a cohort of 16 patients 
with suspected anal fistula, 13 of whom had had a 
previously negative EUA. He showed that magnetic 
resonance imaging (MRI) accurately assessed the fis- 
tula status in 14 of 16 patients when compared to 
subsequent surgical evaluation [38]. 
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Fig 20.5 MRI of complex Crohn's perianal fistula. MRI of pelvis in 29-year old male with complex perianal fistula, 
(a) Axial Ti fast saturated image, intersphincteric and transsphincteric component of fistula with gadolinium 
enhancement of tract wall, (b) Axial T2 fat saturated image, two fistula tracts extending inferiorly just lateral to external 
sphincter, (c) Coronal image, fistula traversing sphincter (internal opening on left side of image), then extending inferiorly 
in two bilateral tracts in the ischioanal fat (two arrows). Mucosal thickening of the rectum is noted (right arrow), (d) 
Axial image, cephalad to internal opening, arrows demonstrate fistula extension across levator muscles into supralevator 
space, (e) Axial image, internal opening extending into intersphincteric space and continuing in horseshoe fashion around 
anus (two arrows), (f) Coronal image, abnormally thick rectum (top arrow) suggesting active Crohn's disease and two 
fistula tracts extending caudad to skin (two arrows). (Images courtesy of Dr. Masoom Haider, University of Toronto.) 



Since this initial report, MRI results have been 
shown to change surgical management in up to 21 % 
of patients [25, 26, 39]. Buchanan et al. showed that 
in patients with recurrent fistula-in-ano, surgeons 
who acted on auxiliary MRI information had lower 
fistula recurrence rates than those who ignored the 
MRI findings (16% vs 57%, p = 0.008) [39]. 
This study did not specifically recruit patients with 
Crohn's disease, but the results provide reasonable 
evidence that MRI can help delineate the anatomy 
of complicated fistulae. Moreover, Beets-Tan et al. 



demonstrated that MRI was more likely to provide 
clinically important information in patients with pe- 
rianal Crohn's disease than patients without Crohn's 
disease undergoing EUA for fistula-in-ano (40% vs 
15%, p < 0.05) [26]. 

MRI images display the course of fistula with 
characteristic hyper-intensity on T2-weighted im- 
ages (Fig 20.5). MRI assessment of perianal fistu- 
lae is usually reported using a classification similar 
to that described by Parks et al. [40, 41]. However, 
a recent report has proposed an MRI classification 
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Table 20.4 MRI-based score for severity of perianal 
Crohn's disease [42]. 



Number of fistula tracks 




None 


0 


Single, unbranched 


i 


Single, branched 


2 


Multiple 


3 


Location 




Extra- or inter-sphincteric 


i 


Trans-sphincteric 


2 


Supra-sphincteric 


3 


Extension 




Infralevatoric 


i 


Supralevatoric 


2 


Hyper-intensity on T2-weighted images 




Absent 


0 


Mild 


4 


Pronounced 


9 


Collections (cavities >3 mm in diameter) 




Absent 


0 


Present 


4 


Rectal wall involvement 




Normal 


0 


Thickened 


2 



varies from centre to centre, it is important to work 
closely with a local radiologist or ultrasonographer 
to determine which will yield the best results. 



Treatment options for perianal abscess 
and fistula in Crohn's disease 

Abscess 

Generally, abscesses are treated the same whether 
the patient does or does not have Crohn's disease. 
Simple abscesses may be drained under local or gen- 
eral anaesthetic and should consist of incision, un- 
roofing and drainage. Incision and drainage results 
in healing in 68-79%, but recurrence of perineal 
sepsis occurs in up to 70% of patients at 3 years 
follow-up [43, 44]. Primary fistulotomy should be 
avoided except in very superficial fistulae, but con- 
current seton placement may prevent recurrent ab- 
scess formation. There is no role for treating ab- 
scesses with antibiotics alone, although combina- 
tion metronidazole and ciprofloxacin therapy may 
be a useful adjunct to surgical drainage, especially 
if there is cellulitis [45]. 



of perianal disease severity specific to Crohn's dis- 
ease (Table 20.4) [42]. These authors report good 
inter-observer concordance, but in a small number 
of patients were unable to clearly link clinical im- 
provement with significantly improved MRI scores. 
Further assessment of this classification scheme is 
necessary before drawing any conclusions about its 
utility. 

In summary, the current diagnostic approach to 
perianal disease should start with thorough clin- 
ical assessment with early EUA in patients with 
suspected perineal sepsis or fistula. In patients 
with unremitting or recurrent sepsis and/or fistula, 
suspected abscess with no obvious drainable site and 
complex fistulous disease, evaluation with endorec- 
tal ultrasound or MRI is indicated prior to the sur- 
gical assessment of the perineum. The addition of 
either EUS or MRI to surgical evaluation of the per- 
ineum has been shown to have near-uniform success 
in mapping perianal fistulae and abscesses in these 
patients [25]. As expertise with these modalities 



Fistulae 

Fistulae in patients with Crohn's disease tend to be 
the most difficult perianal lesions to treat. Often, 
both medical and surgical modalities must be em- 
ployed. Initial treatment will depend on the symp- 
toms, the complexity of the fistula and whether there 
is associated rectal disease. 



Simple fistulae 

Simple fistulae are generally those that are low-lying 
with only one external opening. They are usually 
seen in patients without rectal involvement. Even in 
Crohn's disease, they make up the majority of fistu- 
lae. Although many gastroenterologists treat simple 
fistulae with repeated courses of antibiotics when 
the patient becomes symptomatic, these fistulae are 
usually amenable to fistulotomy, and the fistula can 
be eradicated without risk of incontinence or de- 
layed wound healing. A recent review summarised 
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the results of 21 studies of conventional fistulotomy 
for low perianal fistulae [46]. Although the healing 
rates ranged from 8 to 100%, 18 of the 21 trials 
demonstrated healing rates better than 59%. It is 
important that the extent of fistulous disease and 
the presence of associated sepsis be properly evalu- 
ated by means of an examination with the patient 
under anaesthesia and the rectum be evaluated by 
means of an endoscopic examination before under- 
taking fistulotomy. 

Complex fistulae 

Although simple fistulae can usually be treated 
definitively by means of surgical intervention, com- 
plex fistulae or fistulae occurring in the presence of 
active rectal disease must be approached cautiously. 
These include fistulae with multiple external open- 
ings or tracts as well as those that are high. Although 
it is unusual that these complex fistulae can be erad- 
icated surgically, EUA should be performed in most 
patients. Occasionally, fistulae are not as complex as 
they appear. For example, multiple external open- 
ings can be seen where there is a single fistula tract 
that is amenable to fistulotomy. This is especially 
true in 'neglected' perianal disease where abscesses 
have drained spontaneously. Although surgery con- 
tinues to play an important role in the treatment 
of complex fistulae, the recent addition of tumour 
necrosis factor antibodies (anti-TNF) as an effective 
medical treatment has shifted the emphasis of ther- 
apy from primarily surgical to a combined medical 
and surgical approach [15]. 

Medical treatment 

Despite a lack of controlled clinical trials, metron- 
idazole and ciprofloxacin are mainstays of treatment 
in perianal fistulous disease. Although early small 
case series showed either improvement or complete 
healing of fistulae in 50-100% of patients [47-49], 
this is not the outcome for most patients. The im- 
provement with antibiotics is usually related to con- 
trol of sepsis, and thus is contingent on continued 
antibiotic use in most patients. Use of metronidazole 
often leads to glossitis and metallic taste and pro- 
longed use can lead to peripheral neuropathy [50]. 



There is some evidence that azathioprine, a 
purine analogue that inhibits DNA synthesis and 
acts as an immunosuppressant, is effective in healing 
fistula in Crohn's disease. The concomitant use of 
azathioprine and antibiotics appears to facilitate on- 
going remission of perianal fistulising disease, even 
when the antibiotics are discontinued [12]. There 
are seven randomised controlled trials of azathio- 
prine or mercaptopurine versus placebo in patients 
with Crohn's disease in which perianal fistulising 
disease outcomes are described [51-57]. Improve- 
ment in perianal fistulae was not a primary outcome 
in any of these trials. However, Pearson et al. con- 
ducted a subgroup analysis on these trials as part 
of a larger meta-analysis of all randomised con- 
trolled trials of azathioprine or 6-mercaptopurine 
versus placebo for Crohn's disease [58]. In this anal- 
ysis, the authors combined data available from five 
of these trials and found a pooled odds ratio of 
4.44 (95% confidence interval 1. 50-13. 20) favour- 
ing fistula healing, with a cumulative response rate 
of 54%. Although this was a secondary outcome of 
the included studies, these results are cited as im- 
portant evidence that immunomodulators are effec- 
tive in the treatment of perianal Crohn's disease. 
However, there may be a publication bias where 
only trials that showed a positive result reported this 
outcome, and trials with negative results were not 
reported. 

A recent large retrospective case series of 94 
patients with perianal Crohn's disease demon- 
strated a discouraging response rate of 29% in 
patients treated with either azathioprine or 6- 
mercaptopurine [59]. Furthermore, the presence of 
fistula was a predictor of poor response in this se- 
ries (cumulative 24-month probability of response 
0.14 vs 0.54, p = 0.0001), and the authors con- 
cluded that immunomodulators should not be used 
if the primary objective is healing of perianal disease. 
Furthermore, up to 15% of patients treated with 
azathioprine or mercaptopurine will experience po- 
tentially serious adverse events (e.g. leucopenia, al- 
lergic reactions, infections and pancreatitis) [60], 

Ciclosporin is another immunosuppressant that 
is used primarily in transplant populations, but has 
been used to treat patients with Crohn's disease. It 
inhibits T cell activation and suppresses interleukin 
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2 production. In 1993, Hanauer and Smith reported 
on the use of continuous intravenous ciclosporin 
(4 mg/kg/day) in 5 patients with a total of 12 pe- 
rianal fistulae, who were unresponsive to previous 
therapy including surgery, antibiotics and azathio- 
prine or 6-MP [61]. Although the initial response 
was prompt and uniform (10/12 fistulae had reso- 
lution of drainage at a mean of 7.9 days) relapses 
were common once patients were switched over to 
oral ciclosporin. Relapses were seen in 5 of 10 fistu- 
lae. Present and Lichtiger reported on 16 patients, 
10 of who had perirectal fistulae and 2 who had 
recto-vaginal fistulae [62]. All patients were given a 
2-week course of intravenous ciclosporin followed 
by orally administered medication. Four of the pa- 
tients with perirectal disease and one with a recto- 
vaginal fistula were said to have closed their fistu- 
lae after 2 weeks. After a mean follow-up of 12 
months, 7 of the 10 patients with perirectal fistula 
remained on ciclosporin with half improved and half 
having closure of the fistulae. Both of the patients 
with recto-vaginal fistulae relapsed with one requir- 
ing surgery. Recently, fat et al. reported their re- 
sults in 20 patients with perianal disease refractory 
to multiple medical treatments (antibiotics, steroids 
and/or azathioprine) [63]. One week of intravenous 
ciclosporin followed by conversion to oral therapy 
resulted in 80% of patients having complete or par- 
tial response within 30 days. However, after mean 
follow-up of 5 months the failure rate increased to 
50%. 

Tacrolimus (FK-506), a drug with a similar 
mechanism of action, has been tested in a placebo- 
controlled trial. Sandborn et al. randomised 48 pa- 
tients with fistulising Crohn's disease to a 10-week 
course of either 0.2 mg/kg/day of tacrolimus or 
placebo [64]. Most of the patients had perianal dis- 
ease (n = 42). In this subgroup, patients treated with 
tacrolimus were more likely to experience closure 
of more than 50% of the fistulae for at least 4 
weeks compared to patients treated with placebo 
(45% vs 9%, p = 0.01). Overall, complete fistula 
remission was similar between the groups (10% vs 
8%, p = 0.86). Moreover, side effects including 
headache, insomnia, paresthesiae and transient el- 
evated creatinine were observed more frequently in 
the tacrolimus group (mean 5.2 vs 2.3, p = 0.009). 



This study followed patients for only 10 weeks, so 
long-term outcome is still uncertain. Lama et al. re- 
ported on 10 patients with fistulising Crohn's dis- 
ease (seven with perianal fistulae) refractory to in- 
fliximab therapy [65]. At 6-18 months follow-up, 
nine of 10 patients achieved partial or complete 
response with a lower initial dose of tacrolimus 
(0.05 mg/kg/day), which was then adjusted to 
achieve whole blood levels of 5-15 ng/ml. These 
results suggest tacrolimus may be an option for pa- 
tients with perianal fistulae, particularly if they have 
failed more conventional medical therapies. 

Recently, there has been great interest in inflix- 
imab, a chimeric murine/human monoclonal anti- 
body against tumour necrosis factor a, in treating 
perianal fistula. In 1999, Present et al. published 
results of a randomised controlled trial comparing 
placebo to infliximab infusions in 94 patients with 
Crohn's fistulae [15]. After infusions of placebo or 
infliximab (either 5 or 10 mg/kg at o, 2 and 6 weeks), 
closure of at least 50% of the fistulae was observed 
in 68% of the patients in the low dose and 56% of 
patients in the high dose infusion groups compared 
to 26% in the placebo group. Although results for 
patients with perianal disease were not reported sep- 
arately, the majority of the trial participants (94% of 
the placebo group and 89% of the treatment group) 
had perianal fistulae. 

Sands et al. subsequently identified 195 patients 
(175 with perianal fistulae) who achieved closure 
of at least 50% of fistulae at week 10 and 14 af- 
ter the aforementioned 5 mg/kg infliximab infusion 
protocol [66]. They randomised these patients to 
either maintenance doses of 5 mg/kg of infliximab 
every 8 weeks (starting at week 14) or placebo. At 
54 weeks of follow up, the median time to loss of 
response was significantly longer in the infliximab 
group (median 40 weeks vs 14 weeks, p < 0.001). 
At 54 weeks, the infliximab maintenance therapy 
group had more patients with a continued response 
to treatment (46% vs 23%, p = 0.001) and com- 
plete remission of fistulae (36% vs 19%, p = 0.009) 
compared to placebo. No significant differences in 
adverse events were noted. A recent subgroup analy- 
sis of women with recto-vaginal fistulae showed an 
encouraging 44.8% (13/29) fistula closure rate at 
14 weeks [67]. 
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There is emerging evidence that multi-drug 
regimens of infliximab with either azathioprine/ 
mercaptopurine or methotrexate, a folate analogue 
and inhibitor of dihydrofolate reductase, may be 
more effective [68, 69]. However, these small case 
series should be interpreted with caution, particu- 
larly when the auxiliary drug has not been proven 
to be independently effective in controlled trials and 
follow up is often short. 

Despite these early encouraging results with in- 
fliximab, there are reasons for reservation regard- 
ing the long-term potential of infliximab. Only one 
randomised trial has reported the outcome in pa- 
tients after 1 year of treatment [66]. There is no 
evidence that measuring fistula improvement using 
the fistula drainage assessment (Table io.z) really 
predicts long term eradication of the fistulae. Al- 
though the natural history of fistulae is that they 
drain and then close, the improvement in drainage 
reported by Present et al. does not mean that the 
fistula is going to heal. In fact, there have been sev- 
eral recent reports demonstrating persistent fistula 
tracts on both EUS and MRI after apparent clinical 
response [40, 42, 70, 71]. Van Assche et al. assessed 
eight patients in clinical remission after 6-10 weeks 
of infliximab treatment. They demonstrated that all 
of these patients had persistent inflammation along 
fistula tracts on MRI [42]. Similarly, Rasul et al. 
followed 3 5 patients treated with infliximab for pe- 
rianal fistula. The authors conducted transperineal 
ultrasound 56 weeks after initiation of treatment 
in patients on maintenance doses of infliximab or 
within 8 weeks of discontinuation of infliximab ther- 
apy. Despite clinical remission in 43% of patients, 
transperineal ultrasound demonstrated complete ra- 
diologic healing in only 11% of patients [72]. These 
radiological findings suggest that clinical remission 
with infliximab does not equate to fistula healing in 
most patients. 

However, just because infliximab does not heal 
fistulae does not mean that it is not useful. The 
main goal of treatment in complex fistulae is to 
prevent abscess formation. Therefore, if infliximab 
eliminates drainage, it may be worthwhile. To main- 
tain this effect, repeated doses of infliximab are 
necessary. This strategy is associated with risks. 
There are reports of increased rates of potential 



life-threatening infections, including pneumonia, 
tuberculosis, listerosis, aspergillosis and histo- 
plasmosis [73-76]. Chronic immunosuppression 
with anti-TNF a may increase the risk of ma- 
lignancies, particularly non-Hodgkins lymphomas 
[77-80]. Moreover, the development of antibod- 
ies to infliximab has been linked to increased 
infusion reactions and diminishing efficacy [81]. 
Until large population-based studies with prolonged 
follow-up are reported, the long-term benefits and 
consequences of repeated dose infliximab treatment 
in perianal fistulising Crohn's disease can only be 
speculated upon [82]. In the meantime, clinicians 
and patients must carefully weigh the risks and ben- 
efits of this expensive therapy. 

Surgical treatment 

Even with the emergence of multiple promising med- 
ical treatment options, early surgical evaluation and 
treatment in these patients continues to be an impor- 
tant component of the multi-disciplinary approach 
to complex perianal fistulae in Crohn's disease. In 
fact, a recent study on the natural history of fis- 
tulising Crohn's disease reports that 72% of patients 
with perianal fistula will require surgical treatment 
[83]. Before initiating any form of therapy, an exam- 
ination with the patient under anaesthesia should 
be undertaken to evaluate carefully the extent of 
disease and the presence of associated sepsis. Unde- 
tected abscesses should be drained. Some patients 
with multiple fistulae may have less complex dis- 
ease with all the tracts emanating from one internal 
opening. In these cases, the fistula may be treated 
definitively with excellent results (Fig 20.6). If the 
fistula is complex, the tracts should be identified 
and unroofed and curetted of all infected granula- 
tion tissue. This tissue should be sent for histolog- 
ical assessment to rule out the rare association of 
cancer with Crohn's disease fistulae [84]. Although 
these measures may not necessarily allow for com- 
plete healing of the fistula, they may lead to par- 
tial healing of the tracts and significantly decreased 
drainage. Drains and setons can be inserted on a 
long-term basis to prevent re-accumulation of pus. 
As with medical treatment, the goal is usually the 
prevention of sepsis. 
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Fig 20.6 A transphincteric fistula arising from a crypt at 
the dentate line, passing through both the internal and 
external sphincters with an external opening in the 
perianal skin covered, (b) A fistulotomy can be performed 
by passing a probe through the external opening to the 
internal opening. Then the tract can be laid open by 
dividing the overlying tissue. It is unnecessary and usually 
unwise to remove the tract. The wound is packed and 
allowed to heal secondarily. 



Topstad et al. [84] reported a combined surgi- 
cal and medical approach in patients with perianal 
disease receiving infliximab treatment. They demon- 
strated an 86% response rate and a 67% com- 
plete response after a mean follow-up of 10 months 
in patients who had EUA combined with abscess 
drainage, seton placement or faecal diversion prior 



to the initiation of infliximab treatment. Similarly, 
Regueiro and Mardini [85] showed better response, 
lower fistula recurrence rates and increased time to 
recurrence in patients who underwent EUA prior to 
initiation of infliximab therapy. 

Should medical measures fail, be refused by a pa- 
tient or be contraindicated, other measures may be 
required. Construction of a loop or split ileostomy 
to divert the faecal stream may be of benefit in 
some patients [86-88]. Although initial improve- 
ment in the local perianal disease usually occurs, 
the ileostomy does not lead to healing of the fistula. 
In our series of 12 patients treated with a diverting 
ileostomy for proctitis or anorectal sepsis, all had 
temporary remission of their disease [88]. Five re- 
quired proctocolectomy because of exacerbation of 
their disease and none has had successful closure 
of the ileostomy. Harper and colleagues reported 
that 21 (72%) of 29 patients with anorectal Crohn's 
disease treated with split ileostomy had early im- 
provement [86]. In another series reported by Zelas 
and Jagelman, 22 patients underwent ileostomy for 
anorectal disease and only 6 remained well for 3- 
5 years [87]. Although a recent report claims suc- 
cessful restoration of bowel continuity in 8 of 17 
(47%) patients [89], the preponderance of evidence 
indicates that less than 20% of patients will ever 
achieve this goal [86, 90, 91]. Despite this, there may 
be some merit in constructing a diverting ileostomy. 
First, the general status, including the nutritional 
status, of the patient often improves and the peri- 
anal sepsis resolves to some extent. Therefore, at 
least in theory, a subsequent proctectomy or other 
definitive procedure can be performed with less mor- 
bidity. Second, some patients may be loath to have 
definitive surgery as an initial procedure and a loop 
or split ileostomy allows them to adjust psycholog- 
ically to a stoma without committing themselves to 
a permanent stoma. 

Proctectomy may be necessary in patients who 
are refractory to other medical and surgical mea- 
sures. It is unusual for proctectomy to be required to 
treat perianal disease alone. Patients almost always 
have associated severe rectal involvement. Farmer 
et al. reported that perianal disease was a significant 
indication for surgery in only 12-19% of patients 
with ileocolonic or colonic Crohn's disease [92]. 
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Before performing a proctectomy, it is important 
that the patient be in optimal condition because 
this operation is associated with a relatively high 
morbidity, particularly perianal wound problems. 
Thus, pre-operative measures to decrease local sep- 
sis and improve healing should be undertaken. To 
decrease local sepsis, a staged procedure may be 
planned. This may mean a subtotal colectomy or 
defunctioning ileostomy initially. A recent case se- 
ries of 12 patients suggests that perineal sinus can 
be avoided when primary closure of complicated 
perineal wounds is undertaken using myocutaneous 
flaps [93]. Although pre-operatively many patients 
are loath to have an ileostomy, the quality of life for 
these patients is usually excellent. Thus, this should 
not be considered a failure of treatment, but rather a 
part of the combined medical and surgical approach 
to this disease. 

Primary surgical intervention may be warranted 
in patients who have a high fistula not amenable to 
fistulotomy. The use of anal flap advancement has 
been reported recently with some success. This in- 
volves undermining the anal mucosa at the site of 
the fistula, curetting or excising the tract at the in- 
ternal opening, suturing the muscularis layer closed 
at the internal opening, excising a rim of mucosa at 
the site of the fistula and then closing the defect with 
the mucosal flap (Fig 2.0.7). Clearly, this should not 
be attempted if the rectum has active Crohn's dis- 
ease. The results of this technique are variable, with 
success rates of 25-100% reported [43, 94-100]. 
The number of patients in each series is small, and 
further evaluation is needed. Similarly, Marchesa 
et al. have reported a sleeve advancement procedure, 
which is essentially a perineal approach to a short 
segment full thickness rectal resection [101]. In this 
small series, eight of 13 (65%) patients had healed 
their fistula at i-year follow-up. Further evaluation 
of these novel techniques is necessary before wide 
adoption. 



fistula have a poor response to any intervention. 
This is because the recto-vaginal septum is thin and 
once the tract epithelialises, it will not heal. How- 
ever, in selected patients, local repair of the fistula 
may be undertaken (Fig 2.0.7). Medical treatment 
may have a role in inducing a remission of the rectal 
disease so that a local repair can be undertaken, or 
improving the consistency of stool so there is less 
discharge through the fistula opening. 

Whether a local repair is advocated depends on 
two factors: patient symptoms and the disease status 
of the rectum. If the fistula is small and low-lying, the 
patient may experience relatively minor symptoms 
and no treatment other than medical management 
of any rectal disease is indicated, although sponta- 
neous closure of the fistula for long periods would 
be unusual. However, if the patient has persistent 
faecal or purulent discharge from the vagina or has 
gross incontinence, treatment is indicated. However, 
in these patients the presence of rectal Crohn's dis- 
ease is a contraindication to attempting a local re- 
pair. If the fistula is very symptomatic and the rec- 
tal disease is severe, proctectomy is indicated. These 
patients usually have very complex perianal disease, 
and proctectomy is rare in patients with an isolated 
recto-vaginal fistula. 

In the Cleveland Clinic experience, 40% of pa- 
tients were amenable to local repair of the recto- 
vaginal fistula [102]. In these patients, repair was 
successful after one attempt in 54% and 68% over- 
all. The type of repair performed largely depends 
on the preference of the individual surgeon. Our 
preference, where possible, is to perform a mucosal 
flap advancement via the rectum. Meticulous sur- 
gical technique is mandatory. We also recommend 
temporary fecal diversion with a loop ileostomy in 
most patients, although in the Cleveland Clinic se- 
ries, protection with a stoma did not affect outcome. 
If patients are carefully selected, excellent results 
may be achieved. 



Recto-vaginal fistulae 

The presence of a recto-vaginal fistula is often an 
ominous sign indicating severe rectal disease De- 
spite encouraging reports with infliximab and other 
immunosuppressants, patients with recto-vaginal 



Management of perianal abscess and 
fistula in Crohn's disease 

In all patients with suspected abscess or fistula, a 
detailed clinical history and physical examination 
must be performed. In particular, a flexible or rigid 
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Fig 20.7 (a) The opening to the recto-vaginal fistula is identified just above the dentate line, (b) A flap of mucosa and 
internal sphincter is raised beginning just below the opening of the fistula and extending until the flap can be brought 
down beyond the fistulous opening without tension. The flap should be rhomboid in shape to blood supply is adequate. 
(c) The fistula tract is curetted, then closed with several interrupted sutures. Closure of the fistula on the vaginal side is 
unnecessary, (d) The mucosal flap is brought down and sutured so the fistula is completely covered. 



sigmoidoscopy must be performed to determine if 
there is any rectal disease. If there are any gastroin- 
testinal symptoms, the entire gastrointestinal tract 
should be evaluated. Finally, the perianal region 
should be examined to determine if there is ongo- 
ing sepsis. If severe, further examination may not be 
possible. However, in patients with a simple perianal 
abscess, drainage is all that is necessary. This may be 
performed under local or general anaesthetic. In pa- 
tients with apparent simple low fistula, fistulotomy 
is recommended to most patients as the likelihood of 
eliminating the fistula is high and the risk of inconti- 



nence is low. In other words, patients with straight- 
forward perianal disease may be treated the same as 
patients who do not have Crohn's disease. The rou- 
tine use of antibiotics or the institution of any other 
medical therapy is unnecessary in these patients. 

For patients with a single fistula but one that is 
high and not amenable to a fistulotomy, anal flap 
advancement can be considered. However, this pro- 
cedure should only be considered in select patients 
with single internal openings, no or quiescent rectal 
disease, normal sphincter function and good nutri- 
tional status. Similar criteria should be used when 
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considering local procedures for treatment of recto- 
vaginal fistula. Other options include closure with 
fibrin glue or long-term insertion of a seton. 

In patients with more complex disease (i.e. multi- 
ple fistula with or without rectal disease), the goal of 
therapy should be controlling and preventing recur- 
rence of perianal sepsis and sphincter preservation. 
Thus, a key to the initial evaluation is to determine 
the severity of the patient's symptoms. If the patient 
has minimal symptoms, it may be better to counsel 
the patient against having further treatment because 
it is unlikely that the fistulae can be eradicated. 

An examination under anaesthesia is indicated 
in most patients with complex disease. This will al- 
low drainage of the abscesses and delineation of the 
anatomy of fistula tracts. If possible, fistulotomies 
can be performed or unroofing of abscess cavities 
and insertion of setons. In this group of patients 
an MRI performed pre-operatively may be of value. 
Combination ciprofloxacin and metronidazole may 
help to control perineal sepsis in these patients, once 
the abscesses are drained. 

Once perineal sepsis is controlled, then addi- 
tional therapeutic measures can be considered. In 
most patients, infliximab is the treatment of choice. 
Other treatment modalities include ciclosporin and 
tacrolimus. However, the evidence supporting the 
effectiveness of the latter therapies is limited. Al- 
though azathioprine is often used in combination 
with infliximab for maintenance therapy, again there 
are limited data supporting its effectiveness. Al- 
though initial reports of infliximab closing fistula 
were impressive, it seems now that most fistulae 
do not heal and continuous repeated infusions are 
necessary. Patients who have long-standing peri- 
anal disease with significant scarring are much less 
likely to respond to infliximab and other treatment 
(defunctioning or proctectomy) should be consid- 
ered if there is no response after a few infusions 
of infliximab. If setons are inserted prior to ini- 
titation of infliximab therapy, it is usually recom- 
mended that they be removed after two or three in- 
fusions (6-8 weeks). However, it is often difficult 
to know when to remove them because the data 
suggest that infliximab may eliminate drainage and 
close the fistula openings but does not heal the fistula 
tract completely. Thus, there is a risk of recurrence 



of an abscess when they are removed. If patients 
do not respond to infliximab therapy, ciclosporin 
or tacrolimus may be tried but alternatively, the se- 
tons may be left in long-term to prevent abscess 
recurrence. 

If patients continue to have problems with per- 
sistent sepsis or recurrent abscess formation, then 
proctectomy may be required. A defunctioning 
stoma often results in temporary eradication of the 
sepsis but rarely results in healing of the fistulas 
and re-establishment of gastrointestinal continuity 
is not possible. However, a defunctioning proce- 
dure often is of value as it allows patients to come 
to terms with a stoma and may decrease the likeli- 
hood of a perineal wound infection if proctectomy 
is performed subsequently. Either a loop ileostomy 
or colostomy can be performed, the choice depend- 
ing on whether there is significant colonic disease. 
Both procedures can be performed laparoscopically, 
which decreases the morbidity and pain of the pro- 
cedure. Most patients will have a good quality of 
life if sepsis is controlled. If this cannot be accom- 
plished, proctectomy should be considered because 
most patients will have an excellent quality of life 
with a stoma. Surgery should not be considered a 
failure of treatment. 

Patients with Crohn's disease who develop a 
recto-vaginal fistula, particularly in the presence of 
other perianal fistulae or proctitis usually require 
proctectomy. Local repair is only offered to patients 
who have minimal associated perianal disease, no 
rectal disease and good health otherwise. Fistulo- 
tomy should never be performed because it will al- 
most always lead to significant problems with in- 
continence even in seemingly low fistula. 

Summary 

A significant number of patients with Crohn's dis- 
ease will experience at least one perianal manifes- 
tation. Although these problems can be very mor- 
bid, there are a number of emerging medical and 
surgical therapies that are improving the lives of 
many of these patients. In the rush to embrace these 
new treatments, gastroenterologists and surgeons 
must be vigilant in identifying both beneficial and 
adverse outcomes, carefully balancing them when 
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recommending treatments for these people. Because 
of the variable patterns of disease seen in Crohn's 
disease as well as the individual concerns of patients, 
treatment must be individualised. Optimally, care 
should be given with a team approach including gas- 
troenterologists, surgeons and allied health profes- 
sionals such as wound-care nurses and enterostomal 
therapists. 
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21: What is dysplasia? 



Karel Geboes 



Introduction 

Since the first descriptions of colorectal cancer 
(CRC) in ulcerative colitis (UC) [i, z] one of the 
major considerations regarding UC is its propen- 
sity for developing into cancer because this accounts 
for i/6 of all deaths in UC patients. Approximately 
i % of all colorectal cancer cases occur in the back- 
ground of chronic idiopathic inflammatory bowel 
diseases (IBD). In hereditary and sporadic cancer, 
polypoid and flat adenomas identify individuals at 
risk. As early as 1949, Warren and Sommers pos- 
tulated that a structural precursor to carcinoma ex- 
isted also in longstanding ulcerative colitis. It was 
suggested that CRC could develop either from pre- 
existing adenomatous polyps or from regenerative 
epithelial hyperplasia [3]. In 1967 'pre-cancerous' 
changes were described in the mucosa of colectomy 
specimens of patients operated for carcinoma in UC 
[4]. The occurrence of 'pre-cancer' was confirmed 
in retrospective studies and was later referred to 
as 'dysplasia' [5]. Similar changes were reported in 
Crohn's disease [6, 7]. Overall, dysplasia is detected 
in surgical specimens from 87% of patients with 
Crohn's disease and CRC and in 70% of UC pa- 
tients with CRC [8]. Dysplasia is therefore used as 
a marker for early detection of neoplasia in patients 
with IBD. However, the practical application and 
the cost-effectiveness of surveillance programmes 
are not entirely satisfactory. The lesions are often 
not identifiable at endoscopy. Furthermore, there are 
problems with inter- and intra-observer variability 
among pathologists, and uncertainties in the clini- 
cal interpretation of dysplasia. Therefore, a precise 



definition of 'dysplasia' and reliable criteria for its 
detection are needed. 



Definition of dysplasia 

Dysplasia is a morphological term that etymologi- 
cally means 'malformation'. It is derived from classic 
Greek and is composed of two elements, 'dys' which 
is 'bad' or 'wrong' and 'plasis' which means 'form'. 
The origin and nature of a malformation can be vari- 
able. It can be a macroscopic or microscopic lesion 
and congenital (hereditary or not) or acquired. If 
acquired, the nature of the dysplastic transforma- 
tion can be regenerative (due to healing and repair 
following damage), or neoplastic (degenerative) [9]. 
When used for microscopic epithelial changes, dys- 
plasia is often defined as a lesion 'in which part of the 
epithelium is replaced by cells showing varying de- 
grees of 'atypia'. The latter term is usually restricted 
to cytological abnormalities, while 'dysplasia' en- 
compasses also changes in architecture and aber- 
rant differentiation [10]. Changes in architecture 
and cytology such as the appearance of immature 
cells (altered differentiation) are phenomena that 
occur during healing and repair and might also be 
considered as dysplasia according to this definition. 
Yet, these alterations have no clinical consequences. 
A purely morphological definition of dysplasia is 
therefore not appropriate. A more precise defini- 
tion of 'dysplasia' has been proposed by an interna- 
tional 'inflammatory bowel disease - dysplasia mor- 
phology study group'. According to this definition, 
IBD-associated dysplasia is used for lesions showing 
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'unequivocal, non-invasive (confined within the 
basement membrane), neoplastic transformation of 
the epithelium excluding all reactive changes' [11]. 
This definition stresses the nature and origin of 
the lesion, but its identification still relies upon 
the recognition of morphological features resulting 
from cytological and architectural changes in rou- 
tinely processed and haematoxylin and eosin stained 
sections. More recently, it has been proposed to 
replace the term 'dysplasia' by 'intra-epithelial neo- 
plasia'. This is implemented in the World Health 
Organization classification of neoplasia of the gas- 
trointestinal tract [12]. The background for this pro- 
posal is that this term defines more clearly the nature 
and the extent of the lesion and allows recommen- 
dations for diagnostic and therapeutic measures. 



Precursor lesions and carcinogenesis 

Morphology 

The normal intestine contains proliferating epithe- 
lial cells in the distal compartment of the crypts, 
while the surface is covered by mature, differenti- 
ated cells. The latter cells cease dividing and with- 
draw permanently from the cell cycle. Normally 
there is a balance between cell proliferation, growth 
arrest and differentiation and loss of mature cells 
by programmed cell death. The development and 
progression of cancer involves processes that al- 
low cellular immortalisation. In a first step, colorec- 
tal epithelium shows expansion of the proliferative 
compartment from the lower crypt to the upper part 
where undifferentiated cells accumulate. This phe- 
nomenon is observed in 'aberrant crypt foci' and 
'adenomas', the precursor lesions of sporadic and 
hereditary CRC. In these classical examples of 'dys- 
plasia', the morphology of the neoplastic epithelium 
reflects abnormal proliferation and affects nuclei 
and cytoplasm of cells and the architecture of crypts. 
The various histopathologic entities can be arrayed 
in stages of increasing abnormality. This arrange- 
ment is compatible with a multi-step process, the 
adenoma (polyp)-cancer sequence in which initially 
normal cells pass through a succession of increas- 
ingly abnormal stages on their way to becoming 



fully neoplastic. In IBD, dysplasia is the earliest 
phase in the development of CRC, which can be 
recognised by routine morphology. 



The molecular era 

The 'adenoma-carcinoma' sequence has gained a 
molecular basis. Changes in nuclear DNA-content 
and gross chromosomal alterations are identified 
with flow cytometry, image cytometry and fluores- 
cent in situ hybridisation (FISH). Mutations and/or 
loss of heterozygosity (LOH) of genes can be de- 
tected with polymerase chain reaction (PCR). The 
expression of abnormal proteins or the aberrant ex- 
pression of proteins resulting from mutations can be 
demonstrated with immunohistochemistry. These 
techniques have been applied to colorectal cancer, 
including ulcerative colitis-associated CRC. The de- 
velopment of CRC is marked by an accumulation 
of genetic defects and the morphological spectrum 
of the precursor lesions is a continuum reflecting the 
stepwise accumulation of these defects [13]. Three 
major pathways can be identified: chromosomal in- 
stability, micro-satellite instability and the methyla- 
tor pathway [14]. Chromosomal instability (CIN) 
is the result of a defect in pathways that direct the 
segregation of genetic material during cell division. 
It is characterised by losses and/or gains of genetic 
material. Abnormal amounts of DNA (aneuploidy) 
are the result. Micro-satellite instability (MSI) is the 
result of defects in pathways that maintain the in- 
tegrity of genomic sequences such as mutations of 
enzymes that direct the DNA-based mismatch repair 
process (hypermutability). These cases are diploid. 
The methylator pathway overlaps CIN and MSI and 
is characterised by hypermethylation of key reg- 
ulatory genes resulting in their inactivation. CIN 
accounts for nearly 85% of sporadic CRC. Ap- 
proximately 10-15% of sporadic CRC are charac- 
terised by MSI. Genetic alterations occur in two ma- 
jor classes of genes: proto-oncogenes and tumour 
suppressor genes. Loss or inactivation of the APC 
(adenomatous polyposis coli), a tumour suppressor 
gene involved in the migration of enterocytes, is an 
early step in the formation of aberrant dysplastic 
crypts and sporadic adenomas. APC abnormalities 
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may also lead to disruption of normal cell-cell ad- 
hesion by altered binding to E-cadherin. Activating 
mutations of the K-ras proto-oncogene (involved in 
cell proliferation) occur at an early stage. They con- 
fer polypoid growth to developing adenomas. The 
DCC (deleted in colon cancer) suppressor gene is 
involved in cell differentiation. Abnormalities oc- 
cur in the transition from early to late adenoma. 
P53 mutations are a late event. Inactivation of P53 
mediates the progression to carcinoma. It is in this 
way that stepwise molecular alterations result in the 
progression of aberrant crypt foci to small polypoid 
adenoma and to advanced adenoma and cancer. 

Molecular mechanism underlying 
IBD-related carcinogenesis 

Genetic instability and IBD-related dysplasia 

The molecular pathway leading to the formation of 
IBD-associated dysplasia and CRC has particularly 
been studied for ulcerative colitis (Table 21.1). The 
origin of the genomic instability in IBD-associated 
CRC can be linked to the inflammation. The risk of 
CRC increases with duration and extension of the 



disease and may be reduced with anti-inflammatory 
therapies. Inflammation in IBD generates abundant 
reactive oxygen species that can damage DNA, in- 
crease P53 mutation and promote telomere short- 
ening, which in turn causes the accumulation of 
chromosomal aberrations through a mechanism of 
chromatin bridge breakage and fusion. Carcinogen- 
esis in IBD appears to follow a 'colitis-dysplasia- 
carcinoma' pathway. In IBD-associated CRC, aneu- 
ploidy and CIN are detected in approximately 85% 
of UC-related cases and in nearly 76% of Crohn's 
disease-related cases. Aneuploidy is closely related 
with the development of dysplasia [15-17]. Its pres- 
ence is not necessarily associated with inflammation. 
Its detection may, therefore, be more objective than 
the assessment of dysplasia. It has been detected in 
samples from non-neoplastic and neoplastic colitic 
mucosa. Absence of aneuploidy may have a strong 
negative predictive value (high degree of protection) 
[18]. Some carcinomas are, however, unassociated 
with aneuploidy and in other cases there is a transi- 
tion from aneuploidy to carcinoma without dyspla- 
sia [19]. Aneuploidy alone is neither necessary nor 
sufficient to cause transition towards malignancy 
and it may also occur later in the process of colonic 



Table 21.1 Molecular abnormalities in ulcerative colitis cancer and sporadic cancer. 
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Results are based on a selection of studies. 

1 mut = mutation. 

2 LOH = Loss or heterorygosity. 

3 In large adenomas. 

4 Depending on histology. 
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carcinogenesis in UC [20, 21]. Comparable results 
are obtained with FISH [22]. Changes in DNA con- 
tent can thus occur before or after the emergence 
of the morphological features of dysplasia. Over- 
all MSI is observed in 2.4-14% of UC-related CRC 
cases. The data show no major differences compared 
with those obtained for sporadic CRC [23, 24]. Ab- 
normalities occur in colitic non-neoplastic mucosa 
and in dysplastic lesions. 

Dysplasia and defects in genes in control of cell 
proliferation and cell death 

The frequency of APC tumour suppressor gene and 
ras oncogene mutations in UC-associated cancers is 
lower and mutations are a late event compared to 
familial polyposis (FAP) and sporadic CRC [25-28]. 
K-ras mutations have been particularly found in so- 
called villous, hypermucinous mucosa in UC [29]. 
Inactivation of P53 by mutation and loss of het- 
erozygosity (LOH) seems an early event in UC- 
associated CRC [30, 31]. Both P53 mutations and 
k-ras mutations can be detected in non-neoplastic 
mucosa and neoplastic mucosa in UC. Over- 
expression of the B-cell leukaemia/lymphoma (bcl2) 
proto-oncogene product, associated with inhibition 
of apoptosis is less common in UC-associated can- 
cer [32]. In UC-related dysplasia and CRC over- 
expression of cyclin Di (involved in the passage 
through the Gi/S phase of the cell cycle) occurs in as- 
sociation with (3-catenin nuclear expression whereas 
p2i wafl , p27 kl P z and pi6 ink/ta (inhibitors of cyclin 
Di) are down regulated [33, 34]. 

Dysplasia and defects in genes in control of cell 
and tissue structure 

Cancer development is also associated with abnor- 
malities in genes coding for proteins involved in the 
preservation of cell shape, cell cohesion and tissue 
structure and integrity. Aberrant expression of cy- 
tokeratins (involved in cell shape) was reported in 
Crohn's disease-associated carcinoma and dysplasia 
[35]. Expression of CD44V6, a cell adhesion recep- 
tor, has been described in IBD in association with 
proliferation. The data are comparable with those 
observed in colorectal adenomas [36-38]. Adhesion 



molecules like e-cadherins and (3-catenin are in- 
volved in cell signalling, cell-cell adhesion, cell dif- 
ferentiation and migration and related to polarity. 
Loss of polarity is one of the features used to di- 
agnose dysplasia. Reduced expression of e-cadherin 
and (3-catenin has been reported in ulcerative colitis 
and Crohn's disease [39, 40]. Loss of e-cadherin ex- 
pression is also found in ulcerative colitis-associated 
cancers [32]. P-cadherins, on the contrary, are up- 
regulated in Crohn's disease and ulcerative colitis, 
especially in dysplastic tissue [41]. Up-regulation of 
cyclooxygenase 2 (COX-2), involved in the expres- 
sion of regulators of apoptosis such as bcl2 pro- 
tein, in cellular adhesion to extra-cellular matrix 
proteins and in angiogenesis, is observed in active 
UC (approx 11%) and in UC-associated neoplasia 
[38-53%]. In sporadic CRC, COX-2 expression is 
increased in almost 85% of cases [42, 43]. 

Diagnosis of dysplasia in IBD 

Macroscopic diagnosis 

Macroscopically, IBD-associated dysplasia occurs in 
colitic mucosa. It should be distinguished from spo- 
radic adenomas occurring in a bowel segment that 
is entirely free from disease. Over 95% of dys- 
plastic foci occur in flat mucosa. It is difficult to 
identify these lesions macroscopically [44]. Chro- 
moendoscopy and magnifying chromoendoscopy 
can increase the diagnostic yield [45]. The elevated 
lesions, approximately 5% of the IBD-associated 
dysplastic lesions are conventionally referred to by 
the acronym DALM (dysplasia-associated lesion or 
mass) [46]. They are a heterogeneous group. Dys- 
plastic polyps with a well-defined stalk, encoun- 
tered in a diseased region can be regarded as a 
sporadic adenoma if the mucosa of the stalk and 
surrounding mucosa is not dysplastic. This has lead 
to the introduction of the term ALM (adenoma- 
like mass) or adenoma-like DALM for these lesions 
(Fig 21.1). They must be distinguished from gen- 
uine DALMs, which are poorly circumscribed ele- 
vated lesions surrounded by flat dysplastic mucosa. 
It is, however, not yet clear whether all adenoma- 
like DALMs are similar. Molecular studies show in- 
deed that some ALM lesions are closer to genuine 
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Fig 21.1 Polypoid dysplasia in 
ulcerative colitis, (a) This is a 
low-power micro-photograph of a 
section of the lesion stained with 
haematoxylin and eosin (right 
panel). The left panel shows a serial 
section stained with antibodies 
directed against P53. The polypoid 
lesion shows diffuse nuclear 
positivity. (b) This is a high-power 
micro-photograph of the same 
lesion stained with haematoxylin 
and eosin showing the transition 
between the colitic-non-dysplastic 
mucosa surrounding the elevated 
lesion and dysplasia, (c) This is a 
serial section stained with 
antibodies against P53. The lesion 
can be considered to be an 
adenoma-like mass based on 
histology, although it shows 
aberrant expression of P53. 
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DALMs. Molecular markers may ultimately afford 
a more objective means of making the distinction 
between DALMs and ALMs. 



Microscopy 

The diagnosis of IBD-associated dysplasia relies 
mainly on microscopy. The mucosa can be negative 
for dysplasia, indefinite or positive. When a biopsy 
is diagnosed as negative for dysplasia, it must be 
realised that dysplasia in IBD shows a patchy dis- 
tribution and sampling error is a significant prob- 
lem with random biopsies from unremarkable mu- 
cosa. Thirty-three to 64 biopsies are required to 
detect dysplasia with 90 and 95% probabilities, 
respectively, and with 10-40 biopsies less than 0.1 % 
of the colorectal mucosa is covered [20, 47]. Cur- 
rent practice guidelines recommend that 2-4 biopsy 
specimens be taken from every 10 cm of diseased 
bowel in addition to macroscopically atypical le- 
sions [48]. The sampling problems might be solved 
by chromoendoscopy and targeted biopsies. A va- 
riety of other factors affect the interpretation of 
biopsy specimens. It may be impossible to classify 
some epithelial changes either unequivocally nega- 
tive or positive for dysplasia. The most important 
of these patterns is a failure of the crypt epithe- 
lium to differentiate into normal mature cells. Such 
cases are classified as indefinite. The importance of 
this category is that, although it may occasionally 
be a hedge for ignorance, it signals the equivocal 
nature of a lesion and implies that further biopsies 
should be obtained [49]. A biopsy can only be di- 
agnosed as positive for dysplasia when the lesion 
is unequivocally present. Generally, the histological 
features of dysplasia in IBD are comparable with 
those seen in colonic adenomas in non-colitic pa- 
tients [11]. A villous, hypermucinous mucosa and 
hyperplastic polyps may represent a second type of 
lesion with increased risk for developing CRC. 

In the classical adenomatous type, the morpho- 
logical spectrum of lesions forms a continuum. 
However, in practice, dysplasia is divided into dif- 
ferent categories according to the severity of the 
alterations, because of different implications for pa- 
tient management. A distinction can be made be- 
tween three grades (mild, moderate or severe) or 



Table 21.2 Biopsy classification of dysplasia in 
inflammatory bowel disease [n]. 

Negative 

Indefinite 

Positive 

Low-grade dysplasia 

High-grade dysplasia 



two grades (Table 21.2). In the most commonly used 
classification, two grades are distinguished [n]. The 
category 'low-grade dysplasia' includes cases of mild 
and moderate dysplasia. The category 'high-grade 
dysplasia' includes some cases of moderate dyspla- 
sia (those with prominent architectural alteration) 
and all cases of severe dysplasia and carcinoma in 
situ. The grade of dysplasia is determined by the fea- 
tures of the most dysplastic portion. The two grade 
classification appears to be reproducible, although 
in general the agreement is better for high-grade dys- 
plasia [50]. 

Architectural features include thickening of the 
mucosa, lengthening and distortion of the crypts 
with excessive budding and increased size [n, 49, 
51]. In contrast with the budding that occurs in re- 
generated mucosa, which is usually associated with 
a reduced number of crypts, in dysplasia the crypts 
may be increased in number and much more closely 
approximated. Dysplastic crypts are further often 
enlarged and lined by tall columnar cells in which 
there is frequently some mucus differentiation. The 
dysplastic process will usually involve the surface 
epithelium, although cells at the surface may show 
minimal lesions. They may appear normal except 
for their large size and their tall, high columnar 
(non-goblet) shape. Mucin tends to be in colum- 
nar cells rather than in the usual goblet cells. It ap- 
pears sometimes as small mucin droplets. Stains for 
acid mucopolysaccharides show that the mucin is 
of the intestinal type. This can be regarded as a fail- 
ure of crypt epithelium to differentiate into mature 
cell types. There may be marked reduction in the 
number of goblet mucus cells and sometimes 'dys- 
trophic' or 'upside-down' goblet cells appear. These 
are goblet cells in which the mucin droplet is located 
in the basal rather than apical portion of the cell 
(abnormal polarity of goblet cells - mucin below, 
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rather than above the nucleus). In some cases ab- 
normal double layers of goblet cells are seen. Occa- 
sionally, excessive numbers of Paneth or endocrine 
cells are present. In both of these cases the cytoplas- 
mic granules may be perinuclear, in contrast to their 
usual supra- and sub-nuclear locations, respectively 
[ii]. Nuclear changes are morphologically similar 
to those seen in tubular adenomas: hyperchromatic 
and enlarged with nuclear crowding and frequent 
overlapping. The nuclei are also typically stratified, 
particularly near the base of the crypts, although 
still largely confined to the basal half of the cell. 
Mitotic figures may be present in the upper part of 
the crypt, and even in the surface (which is abnor- 
mal). In low-grade dysplasia the nuclei remain con- 
fined to the basal half of the cells [52] (Fig 21.2). 
High-grade dysplasia is associated with true strat- 



ification of neoplastic cells and marked distortion 
of crypt architecture. Crypts may be tightly packed 
with branching and lateral budding, often yielding 
a complex architecture (Fig 21.3). There is intra- 
glandular bridging of epithelium to form a cribri- 
form pattern of back-to-back glands, and frequently 
a villiform surface configuration. The latter can also 
be seen in non-dysplastic long-standing ulcerative 
colitis, and should not be over-interpreted. Cytolog- 
ical changes usually involve the surface and crypt ep- 
ithelium. Goblet cell mucin is diminished or depleted 
and 'dystrophic' goblet cells may again be seen. Nu- 
clear stratification extends into the superficial (lumi- 
nal) parts of the cells. Other criteria include a greater 
degree of cytological variance, prominent hyper- 
chromatism, pleomorphism, overlapping vesicular 
nuclei and loss of nuclear polarity. The nuclei often 
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Fig 21.2 (a) This shows low-grade dysplasia: the pattern is characterised by the presence of tall columnar cells on the 
surface and in the crypts and by mitotic figures on the surface, (b) This represents low-grade dysplasia in the left half and 
high-grade dysplasia with loss of polarity of the epithelial cells in the right half of the picture. 
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Fig 21.3 Immunohistochemical staining with an antibody directed against P53 shows one biopsy sample with positively 
staining nuclei. Compared with the negatively staining, non-dysplastic colitic samples, the positive sample shows also 
crowding of crypts. 



vary markedly in size, shape and staining character- 
istics [n, 49, 51]. Mitotic figures can appear on the 
surface and peri-crypt fibroblasts become dispersed. 
In general, inflammation is not a prominent feature 
in dysplasia, but the absence of active inflammation 
in an area of equivocal atypia is not proof of its 
neoplastic nature [53]. 

Ancillary techniques and the diagnosis 
of dysplasia in IBD 

Because of the diagnostic problems related to dys- 
plasia, the use of markers has been proposed to 
improve the reliability of the diagnosis. The value 
of staining for carcinoembryonic antigen (CEA) 
and CA19-9 seems limited [54, 55]. Staining for 
Sialosyl-Tn antigen shows a shift in mucinous pro- 
duction preceding the occurrence of dysplasia in ul- 
cerative colitis by several years. Sialyl-Tn antigen 
(STn) expression is independent of and may pre- 
cede aneuploidy. Like aneuploidy, it is expressed 
more widely throughout the colon than dyspla- 
sia [56]. Further prospective studies are needed to 



confirm the findings [57]. Staining for proliferat- 
ing nuclear antigen (PCNA), AgNOR (argyrophylic 
proteins associated to nucleolar organiser regions) 
and Ki-67 allows one to delineate dysplastic from 
non-dysplastic lesions, but the results are influenced 
by inflammation making the utility of the test in 
practice uncertain [58]. 

Additional techniques can be useful for the so- 
lution of differential diagnostic problems between 
'genuine' dysplasia and reparative phenomena. At 
present molecular techniques do not yet offer an 
alternative for the microscopic diagnosis of dys- 
plasia. A search for genetic alterations in order to 
define dysplasia more precisely can offer support 
for the diagnosis if positive, but a negative finding 
does not exclude the possibility of dysplasia. Fur- 
thermore, the results obtained with additional tech- 
niques must be interpreted with caution. Absence 
or decrease of e-cadherin protein expression occurs 
in ulcerative colitis-associated CRC and in sporadic 
CRC. However, it is not constantly present in all ul- 
cerative colitis-associated cancers and has been ob- 
served also in benign ulcerative lesions in UC [39]. 
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Aneuploidy, MSI, LOH of P53 and k-ras mutations 
can be present before the appearance of dysplasia, 
but the natural history and cancer risk of these al- 
terations is not known. Dysplasia and the genetic 
defects associated with cancer development are dif- 
ferent phenomena identified with entirely different 
techniques. Although a combination of routine mor- 
phology and new techniques for markers can help to 
identify dysplasia, the search for additional markers 
by itself can only support a diagnosis of dysplasia if 
positive, or help identify the cancer risk in patients in 
whom routine morphology fails to detect dysplasia. 
For example, P53 over-expression in non-dysplastic 
mucosa has been shown to carry a five times in- 
creased risk for the subsequent development of dys- 
plasia [59]. 

Differential diagnosis 

Polypoid IBD-associated dysplasia and sporadic 
adenomas occurring in IBD patients and 
polypoid dysplasia and inflammatory polyps 

The differential diagnosis between sporadic adeno- 
mas and polypoid IBD-associated neoplasia is based 
upon clinical and pathologic features. Sporadic ade- 
nomas are more common in older patients, hav- 
ing no disease activity and a relatively short disease 
history. Histologically there is often a mixture of 
normal and dysplastic crypts at the surface of the 
polyps in IBD-associated polypoid dysplasia. The 
presence of stalk dysplasia, if the lesion is pedun- 
culated and the presence of dysplasia in flat mu- 
cosa adjacent to a dysplastic polyp favour a diagno- 
sis of IBD-associated polypoid dysplasia [60-62]. 
Inflammation of the lamina propria is uncommon 
in sporadic adenomas. Presence of immunostain- 
ing for P53 and lack of bcl2 and nuclear p-catenin 
immunostaining favour a diagnosis of DALM over 
sporadic adenoma, but confirmation is needed [63]. 
Qualitative differences in the expression of survivin 
have been reported in DALM and LOH at 3p (the 
von Hippel-Landau gene) is less common in ALM 
than in DALM. 

The differential diagnosis between polypoid 
IBD-associated dysplasia and inflammatory pseu- 
dopolyps or dysplasia in inflammatory pseu- 



dopolyps is another problem. In general, dyspla- 
sia in inflammatory polyps is rare [11]. The major 
problem is that these polyps frequently contain ar- 
eas of residual regeneration and it may be difficult to 
make a clear distinction between unequivocally neo- 
plastic changes and regeneration. The presence of a 
mucosal defect (erosion or ulceration) close by can 
suggest regeneration. In cases of doubt, multiple 
biopsies from the lesion and the surrounding mu- 
cosa can help to solve the problem. 

Polypoid dysplasia and hyperplastic polyps 

Hyperplastic polyps in the colon have long been re- 
garded as benign. However, there is growing evi- 
dence implicating at least a subset of hyperplastic 
polyps in the development of CRC in the non-IBD 
population. Hyperplastic polyps may also develop 
in UC and in Crohn's disease. It is unclear if these are 
biologically similar to the sporadic type or represent 
a separate type of hypermucinous dysplasia. Hyper- 
plastic polyps from UC patients have been shown 
to be genotypically similar to sporadic hyperplastic 
polyps from age- and sex-matched patients without 
UC. This study, however, supported the theory that 
hyperplastic polyps may have neoplastic potential 
[64]. 

'Genuine' dysplasia and reparative lesions 

IBD is characterised by episodes of remission with 
a decrease of inflammation and restoration of the 
goblet cell population, and active disease associated 
with mucin depletion. Abnormal mucin secretion 
is also a feature of dysplasia. Whereas high-grade 
dysplasia can usually be reliably distinguished, the 
distinction between repair and low-grade dysplasia 
may present a serious problem. It is important to 
solve this properly, given the clinical consequences. 
A better knowledge of the repair phenomena oc- 
curring in the intestine can be of great help. In 
the gastrointestinal tract, the repair of injured sur- 
faces can occur rapidly and does not necessarily re- 
quire increased proliferation. This process, known 
as 'restitution', involves migration of cells from the 
crypts onto the surface. Migrating cells appear at 
first flattened, and subsequently increase in height to 
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cuboidal and columnar. Absence of mucus and a low 
number of goblet cells are common, as the cells are 
not yet fully differentiated [65]. Promotion of cell 
migration occurs also in IBD, as illustrated by the 
reduced expression of e-cadherins [39]. The process 
can be regarded as an exaggeration of the normal 
migration. Even in the normal situation the surface 
epithelial cells are constantly replaced by new cells, 
formed in the proliferative compartment in the distal 
part of the crypts and these cells will undergo termi- 
nal differentiation during their migration towards 
the intercryptal surface [66]. The initial restitutive 
phase of regeneration can be readily distinguished 
from dysplasia. Surface and crypt epithelial cells are 
attenuated, cuboidal or low columnar. The nuclei 
are elongated but orientated in the same plane as the 
cell. As the cells become more cuboidal, the nuclei 
appear rounded and vesicular with prominent nu- 
cleoli (Fig 21.4). Sometimes a transition from more 
cuboidal cells in the upper part of the crypts towards 
attenuated cells on the surface can be observed. In 
the basal part of the crypts the number of cells can 
be increased (compensatory hyperproliferation). In 
addition, the presence of inflammation orients also 
to reactive changes. The major findings are sum- 
marised in Table 21.3. 

In IBD, epithelial cell damage is not limited to the 
intercryptal surface. Crypt epithelial cells are usu- 
ally extensively involved as illustrated by the pres- 
ence of cryptitis, numerous crypt abscesses and crypt 
destruction in the active phase of the diseases. Re- 
pair of the extensive epithelial damage, therefore, 
also requires 'increased proliferation' [67]. Normal 
cell proliferation and increased proliferation follow- 
ing damage occur in the distal part of the crypts. 
Increased proliferation is characterised by an in- 
creased number of mitoses and expansion of the pro- 
liferative compartment. Newly formed cells show 
dark cytoplasmic staining. Nuclear chromatin in- 
creases so that the nuclei are normo- or hyperchro- 
matic. This can be accompanied by elongation and 
mild stratification. However, mitoses are still con- 
fined to the crypts. The presence of atypical mi- 
toses is of limited value, although they are more 
common in neoplasia. They were shown to occur 
in chronic inflammation [19%] as well as in dys- 
plasia (34%) and cancer (49%) [68]. Alterations of 



surface epithelial cells are limited as there is still a 
normal maturation towards the surface. This im- 
plies preservation of the basal position of the nuclei 
and of nuclear polarity and absence of cellular pleo- 
morphism. Immunohistochemistry using antibodies 
directed against K167, a nuclear protein expressed in 
all active phases of the cell cycle (Gi, S, G2 and M) 
can be used for the distinction between reparative 
and neoplastic processes. Restriction of K167 stain- 
ing to the lower third of the crypts is never seen in 
dysplasia. However, extension of K167 staining be- 
yond the lower third is characteristic for repair and 
common in active UC. Therefore, this staining has 
only a low negative predictive value. 

In general, the cytologic alterations due to repar- 
ative phenomena can usually be readily correlated 
with a marked increase in inflammatory cells such 
as neutrophils, lymphocytes and plasma cells. How- 
ever, there may be a problem when the patient re- 
ceives active treatment. Some of the recently devel- 
oped treatment modalities may indeed decrease the 
inflammatory reaction before completion of repar- 
ative phenomena. This discrepancy can result in 
a pattern showing little or no inflammatory activ- 
ity and marked regeneration. The latter represents 
pseudodysplasia and should not be mistaken for 
dysplasia [69]. 

Natural history 

The natural history of dysplasia is not known. One 
paradigm proposes that carcinogenesis follows a 
progression from no dysplasia to low-grade dys- 
plasia, high-grade dysplasia and carcinoma. This is 
however, a theoretical model. In some patients CRC 
develops without any prior dysplasia. In other pa- 
tients no progression from low- to high-grade dys- 
plasia is seen before the development of cancer. Fur- 
thermore, it is important to realise that patients may 
already have CRC at the time dysplasia is discov- 
ered. However, the results of several studies show 
that approximately 32% of the patients with high- 
grade dysplasia develop CRC after some follow-up 
period. Furthermore, data from different centres in 
the United Kingdom and the United States show 
a 5-10 years progression rate from low-grade to 
high-grade dysplasia and cancer that varies between 
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Fig 21.4 (a) This is a low-power micro-photograph 
showing active ulcerative colitis with restitution of the 
epithelium in the left half and epithelial dysplasia (cells 
with darkly staining cytoplasm) in the right half, (b) This 
shows active ulcerative colitis with restitution of the 
surface and crypt epithelium-flattened cells, (c) This shows 
ow-grade dysplasia with active inflammation. Dysplastic 
cells are still high columnar cells. 
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Table 21.3 Microscopic features of adenoma, IBD-associated dysplasia and reparative phenomena in IBD. 





Features of 
adenoma 


Dysplasia 


in IBD 


Repair in 


IBD 




Low 


High 


Low 


High 


Inflammation 


— 


_ 


+ + 






Cytological features 












Cells flattened-low cuboidal cells 


- 


- 


-/+ 


++ 




High columnar cells 


+ 


+ 


+ 


+ 


- 


Dystrophic goblet cells 


? 


? 


+ 


+ 


- 


Abnormal mucin secretion 


+ 


+ 


+ 


+ 


-/+ 


Mucin depletion 


± 


+ 


+ 


+ 


+ 


Nuclei enlargement (elongation) of nuclei 


+ 


++ 


+ 


++ 


-/+ 


Crowding of nuclei 


+ 


++ 


+ 


++ 


-/+ 


Stratification of nuclei 


-/+ 


++ 


-/+ 


++ 


-/+ 


Hyperchromatism 


-/+ 


+ 


-/+ 


+ 


-/+ 


Coarse chromatin 


- 


++ 


- 


++ 


-/+ 


Polymorphism 


- 


++ 


- 


++ 


- 


Loss of polarity 


- 


+ 


- 


++ 


- 


Rounded-vesicular nuclei 


- 


+ 


- 


+ 


± 


Prominent nucleoli 


- 


+ 


- 


+ 


-/+ 


Frequent mitoses 


± 


+ 


+/- 


+ 


± 


Abnormal location of mitoses 


+ 


++ 


+ 


+ 


- 


Glandular architecture lengthening of crypts 


+ 


+ 


+ 


+ 


- 


Enlargement of crypts 


+ 


+ 


+ 


+ 


-/+ 


Branching of crypts 


+ 


++ 


+ 


++ 


-/+ 


Bridging and budding of crypts 


- 


++ 


+ 


++ 


+ 


Back-to back-orientation of crypts 


- 


++ 


+ 


++ 


- 


Increased number of crypts 


+ 


++ 


+ 


++ 


- 


Villiform surface 


- 


+ 


+ 


+ 


-/+ 



10 and 50%. Flat low-grade dysplasia would carry 
a greater risk [52]. The cancer risk and natural his- 
tory of single marker abnormalities remain to be 
assessed. 



Conclusion 

IBD-associated dysplasia or intra-epithelial neopla- 
sia is the earliest phase in the development of col- 
orectal cancer in IBD, which can be recognised with 
routine morphology. It is an unequivocal neoplastic 
lesion characterised by cytological and architectural 
abnormalities of the epithelial cells. These abnor- 
malities are the result of a stepwise accumulation of 
multiple defects in genes in control of cell prolifer- 
ation, cell death and cell and tissue structure [70]. 
Genetic defects that can be identified with molec- 
ular techniques can occur in non-neoplastic colitic 



mucosa before the appearance of the alterations of 
cell shape and size and tissue structure, which are 
characteristic for dysplasia. Dysplasia appears often 
as a flat lesion, probably because k-ras mutations 
are less common than in sporadic adenomas. The 
precise natural history of dysplasia is not known, 
but the likelihood of progression to malignancy is 
high [71]. Different pathways are involved in the 
development of CRC in IBD. Therefore, a diagno- 
sis of dysplasia should rely upon morphology, but 
may eventually be performed in combination with a 
panel of markers. 
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22: Colonoscopic surveillance - if and when? 

Urban Sjoqvist and Robert Lofberg 



Introduction 

The increased risk of intestinal cancer is one of 
the major problems in the long-term management 
of patients with inflammatory bowel disease (IBD). 
The risk of colorectal cancer (CRC) in longstand- 
ing ulcerative colitis (UC) has been particularly in 
focus since the recognition of this complication in 
a series of cases reported by Bargen in 1928 [1], 
and management strategies have been controversial 
ever since. There are difficulties in correctly assess- 
ing the individual cancer risk and hence, there are 
also problems in taking appropriate actions to pre- 
vent the development of CRC. A large retrospec- 
tive population-based study of 2.509 UC-patients [2] 
showed that death due to CRC was the main cause 
of the excess long-term mortality, thus emphasis- 
ing the clinical importance of the problem. During 
the last decade, some large, well-defined population- 
based studies have provided accurate estimates of 
the cancer risk in IBD, making it easier to pre- 
dict individual prognosis. Our knowledge has im- 
proved regarding the identification of certain fac- 
tors indicating a particularly high cancer risk, and 
some protective factors have also been elucidated. 
Furthermore, long-term experience of colonoscopic 
surveillance programmes is now available and the 
pros and cons of this approach to reduce the cancer 
risk have been scrutinised. 



Overall cancer risk 

From large population-based studies performed in 
Sweden and the United Kingdom it appears that the 



elevated, overall cancer-risk among patients with 
UC [2-4] and Crohn's disease (CD) [2, 3] is due 
predominantly to an increase of intestinal cancer. 
However, in an epidemiological study of malignan- 
cies in CD [5], a slight excess risk was found for 
small bowel carcinoma and urinary bladder carci- 
noma, but not for CRC. Although the absolute num- 
ber is small, a subgroup of patients having UC and 
the hepatobiliary complication primary sclerosing 
cholangitis (PSC), runs a significantly increased risk 
of developing carcinoma of the bile ducts [6, 7] and 
pancreatic malignancies [8]. 

Small bowel carcinoma in Crohn's disease 

The incidence of small bowel carcinoma among pa- 
tients with CD is low, but as it is extremely uncom- 
mon in an age-matched population, the relative risk 
becomes significantly increased, as shown in some 
population-based studies [5, 9-1 1]. Long duration 
of CD seems to be the most important determinant 
for this malignant complication [12, 13]. 

Colorectal cancer risk in ulcerative colitis 

The risk of CRC is most appropriately assessed by 
the use of actuarial, life-table methods, when dura- 
tion of disease is taken into account and the absolute 
cumulative risk is calculated [4, 14]. Such calcula- 
tions should also compensate for proctocolectomy 
and death from causes other than CRC. Relative risk 
comparisons, given the rarity of CRC in the younger 
age groups of the general population, are of limited 
value. Several larger population-based studies from 
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different geographical regions have taken those con- 
siderations into account and provided consistent, 
independent results regarding the cumulative CRC- 
risk in UC. A study of 486 patients with extensive 
UC (i.e. involvement proximal to the splenic flex- 
ure) from three different geographical areas in Eng- 
land and Sweden [4] followed for a minimum of 17 
years, estimated the CRC-risk to be 11.6% (CI 6.4- 
16.8) after 25 years from the onset of disease. This 
increase is approximately six to ten times higher 
than expected in the general population. In non- 
extensive UC the risk was only marginally raised 
(left-sided and distal UC) and not increased at all in 
patients with proctitis. Remarkably similar results 
were obtained from a large epidemiological study 
from Uppsala, Sweden [14] of 679 patients having 
extensive disease. After 25 years, the cumulative risk 
was 12% among patients aged 15-39 years at on- 
set. The cumulative cancer risk in patients with left- 
sided UC at the time of diagnosis was less than 5 % 
after 30 years, except for those patients who got the 
diagnosis between 1 5 and 29 years of age who had 
a 12 % risk. As it is well known that patients with 
distal and left-sided UC at time of initial diagno- 
sis may often progress to more extensive involve- 
ment, it could be anticipated that a large propor- 
tion of patients in this latter group had extensive 
disease at the time of cancer development. In a pop- 
ulation study from Israel [15], the cumulative risk 
was 13.8% in extensive UC after 20 years of du- 
ration. A prospective study from Copenhagen [16] 
could not demonstrate any CRC-risk increase at all 
for a defined UC-cohort, while another recent Dan- 
ish study [17], covering the entire country, has pro- 
vided CRC-risk estimates for UC more in line with 
those previously reported. In a recent meta-analysis 
[18] the estimated CRC-risk in all patients with UC 
was found to be 2% at 10 years, 8% at 20 years and 
18% at 30 years, irrespective of disease extent. 

Colorectal cancer risk in Crohn's disease 

There are conflicting results of the magnitude of 
the risk of CRC in CD. Several reports have failed 
to demonstrate a risk [5, 9, 19-21] while others 
have demonstrated [22-26] an increased CRC-risk 
in these patients. There have been two population- 



based studies, both from Sweden, addressing the 
CRC-risk in CD. In 1251 patients with CD, di- 
agnosed between 1955 and 1984 in Stockholm 
County, the occurrence of CRC was not increased 
with a standardised morbidity ratio of 0.89 (CI 
0.29-2.07) [5]. The other one from Uppsala, (n = 
1655), demonstrated that CD patients having sub- 
stantial/extensive colonic involvement and long du- 
ration of the disease had more than five times in- 
crease of the relative risk of CRC [25]. This report 
as well as one reported from Birmingham, England 
[26, 27], showed that patients with extensive CD 
of the colon had an absolute cumulative risk of 8 % 
after 22 years of disease duration, quite similar to 
the risk level previously found in extensive UC [4]. 
In a recent population-based study from Canada 
[n], the risk of developing CRC was 2.64 (95% 
CI 1. 69-4. 1 2) for CD-patients, quite similar to that 
found for patients with UC (2.75; 95% CI 1.91- 
3.97) in that study. This study was, however, per- 
formed using administrative data and hence charts 
were not reviewed. No other population-based stud- 
ies have assessed the CRC-risk in CD-patients with 
colonic involvement, but there are reasons to believe 
that the problem with CRC in Crohn's colitis may 
become more of a clinical reality as an increasing 
proportion of this patient group receives long-term 
immunosuppressive treatment and thereby avoiding 
or considerably delaying major surgical intervention 
(i.e. proctocolectomy) [28]. An association between 
longstanding anorectal CD and distal rectal and anal 
cancers has been reported from St Mark's Hospital 
[29]- 

Clinical risk factors for colorectal cancer in IBD 

Several clinical factors indicating an increased CRC- 
risk have been identified. From most of the larger 
population-based studies it is apparent that the two 
major risk factors for malignant transformation of 
the colorectal mucosa in UC are extensive disease 
(maximal involvement at any time during the dis- 
ease history being proximal to the splenic flexure) 
and long duration (>8 years) [4, 14, 15]. Although 
young age at onset of UC is associated with a high 
cumulative CRC-risk [14, 30], this risk may not 
be an independent risk factor as such, but rather 
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inter-related to an observed long duration of UC [14, 
30]. In patients with extensive UC the presence of 
concomitant PSC has also been demonstrated to be 
an independent risk factor for colorectal neoplasia 
[6, 31]. This association has subsequently been con- 
firmed in several other reports [32-34], but was not 
reported in studies from the Mayo Clinic [35, 36]. 
In a recent study, familial CRC was associated with 
a more than two-fold risk of CRC (RR = 2.5, 95% 
CI 1.4-4.4) hi patients with IBD [37], in line with a 
previous reported study [38]. Notably, patients with 
a first-degree relative with CRC diagnosed before 50 
years of age had an even higher relative risk of 9.2 
(95% CI 3.7-23). 



Protective factors for colorectal cancer in IBD 

5-amino salicylic acid 

Patients in a state of chronic continuous disease ac- 
tivity were found to run a higher risk for CRC in a 
study from Oxford [39], to some extent being con- 
tradicted by a later Swedish case-control study indi- 
cating that patients with a high inflammatory activ- 
ity had a decreased risk [40], as had those patients 
taking sulphasalazine for maintenance treatment for 
more than 3 months (RR = 0.38; 95% CI 0.2-0.7). 
Results in line with the latter observations were also 
found in a population-based study from Leicester- 
shire [41] where UC-patients non-compliant with 
long-term sulphasalazine therapy had a significantly 
increased absolute cumulative risk of CRC (40% vs 
10% after 20 years of duration ) . In fact, regular ther- 
apy with 5 -ASA (>2 g/day) was found to reduce the 
CRC-risk by 75% (OR 0.25, 95% CI 0.13-0.48) in 
a recent case-control study of 102 cases of UC pa- 
tients with CRC [42]. The risk reduction for those 
patients taking mesalazine was even greater (81% 
(OR 0.19, 95% CI 0.06-0.61). 

The data from Copenhagen [16], indicating that 
an aggressive medical and surgical approach reduces 
CRC-risk, may be in line with those observations. 

The protective virtues of sulphasalazine and 
mesalazine in this respect are unclear. Aspirin and 
other NSAIDs reduce the risk of sporadic CRC 
and adenomas [43], as well as polyp formation 
in FAP (familial adenomatosis polyposis) [44-47] 



and it might therefore be tempting to assume 
that the 5 -ASA compound in sulphasalazine and 
mesalazine might have the same properties (e.g. 
ASA-like actions by cyclooxygenase inhibition). A 
non-pharmacological explanation might be that pa- 
tients compliant with 5 -ASA medication visit the 
gastroenterologist when experiencing changes in 
symptoms, thus lowering the risk of CRC [42]. 

Ursodeoxycholic acid 

Ursodeoxycholic acid (UDCA), a natural bile acid, 
used primarily in the treatment of primary billiary 
cirrhosis, but also in PSC, has been in focus ever 
since Earnest et al. reported that dietary UDCA de- 
creased the incidence of experimental colonic car- 
cinogenesis in a rat azoxymethane model [48]. In a 
retrospective study, comprising 59 patients with UC 
and PSC, Tung et al. showed that the use of UDCA 
was associated with a lower risk of colonic dyspla- 
sia compared to patients not taking the compound 
(OR 0.18, P = 0.005) [49]- This protective effect 
remained after adjusting for duration of colitis, and 
age at onset. Surprisingly, no protective effect of sul- 
phasalazine was seen in this study. Recently, Pardi 
et al. [50], in a prospective study, analysed the out- 
come of colonic neoplasia in 52 UC/PSC patients 
who were initially enrolled in an ursodiol, placebo 
controlled trial, investigating UDCA:s role in im- 
proving liver function in these patients [51]. Those 
originally assigned to receive UDCA had a relative 
risk of 0.26 for developing colorectal dysplasia or 
cancer (95% CI 0.06-0.92; P = 0.034). 

UDCA has been demonstrated to have several 
anticarcinogenic properties, one of which is the re- 
duction of the colonic concentration of deoxycholic 
acid, recognised as a strong cancer promoter [52, 
53]. 

Folic acid 

Low folate intake has been associated with an in- 
creased risk of developing adenomas and CRC in 
the general population [54, 55]. A case-control 
study examining the effects of folic acid use, in pa- 
tients with pancolitis followed in a surveillance pro- 
gramme, suggested that folate supplementation was 
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associated with a 62% (OR 0.38, 95% CI 0.12- 
1.2, NS) lower incidence of neoplasia as compared 
to individuals not receiving supplementation [56]. 
Another case-control study showed that the risk of 
dysplasia or cancer was significantly decreased by 
18% for each 10 ng/mL increase in blood cell fo- 
late [57] and another study gives further supporting 
evidence for the routine use of daily folate supple- 
mentation [58]. 

Immunomodulating drugs 

Very few reports have discussed possible chemo- 
protective properties of immunomodulating drugs 
(azathioprine, 6-mercaptopurine and glucocorticos- 
teroids). Patients treated with azathioprine or 6- 
mercaptopurine do not appear to have an increased 
risk of CRC compared to controls [59] . On the other 
hand, no CRC protective properties of these two 
drugs have been shown in UC [49, 58]. For gluco- 
corticosteroids, one study [42] has shown a benefi- 
cial effect of systemically administered steroids (OR 
0.26,95% CI 0.01-0.7), while other studies [49, 58] 
have not shown such an effect. 

Management strategies for colorectal 
cancer in IBD 

It might be argued that the increased risk of CRC 
in colonic IBD is not high enough compared to the 
general population (less than 1 % of cases of CRC in 
the general population [60], in Sweden about 5000 
new cases/year), to warrant any specific action from 
physicians handling the patient. On the other hand, 
it might be regarded as sufficiently high to necessi- 
tate expedient prophylactic proctocolectomy within 
a certain time frame of 3-10 years of onset. The lat- 
ter option was frequently advocated and performed 
for extensive UC during the 1960s and 1970s [61]. 
Indeed, the only large study failing to show an in- 
creased risk of CRC in UC used an aggressive surgi- 
cal approach (e.g. colectomy) where 35% of the pa- 
tients were treated surgically during the first 5 years 
ofdisease[i6]. This handling of the patients now re- 
ceives limited support. High-risk patients with IBD 
are usually in remission with a satisfactory quality 



of life and are reluctant to accept surgery as a means 
of CRC prevention. It should also be remembered 
that well over 80% of the patients do not develop 
CRC and, furthermore, the morbidity of colectomy 
and ileostomy of the ileal-pouch anal anastomo- 
sis (IPAA) type operation must be considered when 
treatment options are evaluated. 

Managing the patients within the frame of 'rou- 
tine clinical care', including vigilance if clinical 
symptoms of CRC occur, has also been suggested 
[62]. Such an approach is deemed to achieve, at best, 
a 50% 5-year survival as seen in sporadic CRC, and 
is thus not very attractive. The standard approach at 
most IBD centres in order to manage the increased 
CRC-risk, at least in UC, has become colonoscopic 
surveillance. 

Colonoscopic surveillance in ulcerative colitis 

Based on the concept of a dysplasia-to-carcinoma se- 
quence in UC [63 , 64] and on the development of the 
flexible fibre-endoscope, programmes for surveil- 
lance of high-risk patients were introduced in the 
early 1970s [65-67]. By performing colonoscopies 
with multiple biopsies from different parts of the 
colon and rectum at regular intervals, those pro- 
grammes were aimed at detecting mucosal dyspla- 
sia, or carcinoma in early stages. The ultimate goal 
has been to decrease CRC morbidity and mortality 
in UC. Some of the larger studies have confirmed the 
association between colorectal dysplasia and carci- 
noma in UC [65], as well as the sequential develop- 
ment of lower grades of dysplasia into high-grade 
dysplasia (HGD) and, ultimately, to invasive carci- 
noma [63, 65, 68]. The need for total colonoscopies 
has been underlined by the frequent initial finding 
of dysplasia or dysplasia associated lesion or mass 
(DALM) only in the proximal colon. It must also 
be remembered that dysplasia is not always found 
in association with a carcinoma. Studies of resected 
colonic specimens and studies in large surveillance 
programmes [68-70] show that no dysplasia (either 
adjacent to or distant from the tumour) is detected 
in up to 25% of the patients. The sensitivity of dys- 
plasia as a marker for CRC-development is thus 
only 75%, but if the endoscopic examinations are 
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performed at regular intervals the risk of missing a 
carcinoma before it becomes incurable by surgical 
resection is small [59, 66, 71]. 

The St Mark's group in London has been the pio- 
neer centre in the field of colonoscopic surveillance, 
and their most recent report [68] has provided us 
with the largest clinical experience so far. In 3 22 pa- 
tients with extensive UC entered between 19 71 and 
1992, colonoscopic examinations contributed to the 
detection of 1 1 asymptomatic CRC and 1 2 further 
patients underwent colectomy due to findings of 
dysplasia. However, six symptomatic interval tu- 
mours also occurred, partly because of compliance 
problems. One of the most important findings in this 
study was the 5 -year predictive value of low-grade 
dysplasia (LGD) as a marker for cancer or high- 
grade dysplasia of 54% using the classification by 
Riddell et al. [64]. In contrast, only one early CRC 
plus abundant cases with LGD were the somewhat 
disappointing results in an ambitious study from 
Leeds [71]. However, there were several patients 
with advanced CRC among defaulters and among 
patients not followed within the frame of the surveil- 
lance programme, emphasising the importance of 
compliance as one of the mainstays for a successful 
follow-up. Based on the experience from a dedicated 
prospective surveillance programme in Stockholm 
initiated in 1973 [66], the yield of findings leading 
to surgical intervention seems to be between 0.5 and 
1 % of colonoscopies carried out per year. This figure 
is in accordance with that expected based on recent 
epidemiological CRC risk assessments. Compliance 
in this programme has been high and, so far, with 
more than 140 patients with extensive UC followed 
for up to 29 years, there are still no deaths due to 
CRC (P. Karlen, personal communication). 

The fundamental issue of surveillance of UC- 
patients is the impact on cancer morbidity, and mor- 
tality. In many of the hitherto reported surveillance 
programmes, the technical feasibility of the concept 
has indeed been proven [66, 68, 71-73], and more- 
over, non-randomised studies have indicated that 
surveyed UC-patients have much less risk of dying 
from CRC compared to non-surveyed patients [72, 
74]. Some authors [75-77] have criticised surveil- 
lance programmes for being an ineffective and costly 



way of managing the increased CRC-risk in UC. 
Instead, the poorly defined management 'routine 
clinical control', including colonoscopy only when 
symptoms suggestive of cancer occur, has been ad- 
vocated. As controlled studies comparing colono- 
scopic surveillance with the passive handling policy 
of 'routine clinical control' will never be performed 
due to practical and ethical reasons, another way to 
address the potential value of surveillance is to per- 
form case-control studies. The result from a joint 
study from the Stockholm-Uppsala area indicates 
a frequency-response related, protective effect of 
colonoscopic surveillance on CRC-mortality in UC 
[78]. Furthermore, theoretical decision-type analy- 
sis supports the concept since patients selected for 
colectomy based on findings of LGD at colonoscopy 
will have almost the same life expectancy as patients 
undergoing prophylactic colectomy 10 years after 
onset [79]. 

Aims and prerequisites for successful 
colonoscopic surveillance 

By performing complete colonoscopies with mul- 
tiple biopsies from the entire colon and rectum at 
regular intervals, a surveillance programme for UC 
aims at detecting mucosal dysplasia, in order to se- 
lect the high-risk CRC-prone individuals for pro- 
phylactic colectomy. The ultimate goal with colono- 
scopic surveillance is to decrease CRC morbidity 
and to eliminate the excess CRC mortality. Surveil- 
lance is only effective if all patients running the high- 
est risk of CRC are included (e.g. those with ex- 
tensive, longstanding UC and colonic CD, and in 
particular, those with early onset and concomitant 
PSC). 

The patients enrolled must be fully informed 
about the possible consequences of findings of dys- 
plasia. Furthermore, patient compliance is of utmost 
importance in a successful surveillance. It is impor- 
tant to adhere to a strict protocol with predefined 
criteria for surgery (high-grade dysplasia, certain 
DALM-lesions, or repeated low-grade dysplasia in 
multiple locations and/or at repeated examinations). 

The optimal timing for initiating surveillance is 
around 10 years after first onset of symptoms [65, 
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67, 68, 71, 72], as this is the point when the CRC 
risk starts to increase [4, 14, 15, 30, 80]. However, 
in patients with PSC, in whom the IBD onset may be 
hard to estimate, as the disease is often quiescent, it 
may be wise to start surveillance as soon as extensive 
UC has been diagnosed [81]. 

The intervals between colonoscopies should not 
exceed 2 years, and annual examinations are rec- 
ommended by some experts [82]. Biannual investi- 
gations between 8 and 20 years of duration have 
been adopted in the Swedish studies [66, 83], with 
annual colonoscopies from that point. 

Dysplasia may be patchy and unevenly dis- 
tributed throughout the colon leading to problems 
with sampling errors. Even if 20-40 biopsies are 
taken less than o. 1 % of the colorectal mucosa is cov- 
ered [65]. Still, the experience from several prospec- 
tive colonoscopic programmes shows that biopsies 
taken from 6 to 10 different sites throughout the 
colon and rectum is sufficient to detect dysplasia, 
and thereby the risk of missing an incurable CRC is 
low [65, 66, 68, 71-74]. 

Colonoscopic surveillance in colonic 
Crohn's disease 

Only limited experience exists from prospective 
colonoscopic surveillance of patients with long- 
standing, extensive colonic CD. In fact, the only 
study published so far [84] reported on 259 patients 
with chronic Crohn's colitis of duration of 8 years 
or more who were followed for 18 years by colono- 
scopic surveillance (mean 2.6 examinations per pa- 
tient). This screening and surveillance programme 
detected dysplasia or CRC in 16% of the patients 
(10 with indefinite, 23 with low-grade and four 
high-grade dysplasias and five CRC). Furthermore, 
age more than 45 years at the time of colonoscopy 
was associated with increased risk of neoplasia. Af- 
ter a negative colonoscopy, the probability of find- 
ing neoplasia by the fourth surveillance examina- 
tion was 22% and comparable to those reported 
from UC-patients undergoing surveillance [85, 86]. 
The authors recommended that all patients with ex- 
tensive Crohn's colitis of long duration (>8 years) 
should undergo colonoscopic surveillance. 



The reports on cancer frequency in UC based 
on histopathological records should be subjected to 
critical histological re-evaluation as suggested in a 
retrospective study [87]. That study, in fact, showed 
that CRC in Crohn's colitis had increased and that 
colonoscopic surveillance was warranted. 

The number of patients having CD involving the 
large bowel with no major resection or colectomy 
are likely to increase in the future as an effect of im- 
proved and more aggressive medical therapy (aza- 
thioprine, 6-mercaptopurine and infliximab). Fur- 
thermore, the incidence of CD is steadily increasing, 
especially the colonic form, with a reported overall 
incidence of 4.6 per 100,000 inhabitants, and with 
an age-specific peak incidence between 20 and 30 
years [88]. 

It may thus be appropriate to consider surveil- 
lance with multiple biopsies for detection of 
histopathological dysplasia in this subgroup of pa- 
tients with CD. 

Colonoscopy in CD-patients, with colorectal in- 
volvement, may be difficult because of colonic stric- 
tures. Thinner calibre paediatric colonoscope may 
help to improve the percentage of complete exam- 
inations. Besides technical difficulties with strictur- 
ing, there is up to 12% chance that the stricture is 
of malignant nature [89]. Ongoing prospective pro- 
grammes are needed to determine guidelines regard- 
ing surveillance examinations in CD. Based on the 
discussion above, it would be wise to apply a UC- 
based colonoscopic strategy at least in patients with 
Crohn's colitis of long duration. 

Surveillance schedule 

Screening colonoscopy 

The optimal timing for initiating surveillance is 
around 8-10 years after first onset of symptoms [65, 
67, 68, 71, 72], as this is the point when the CRC 
risk starts to increase [4, 14, 15, 30, 80]. However, 
in patients with PSC, in whom the IBD onset may be 
hard to estimate as the disease is often quiescent, it 
may be wise to start surveillance as soon as extensive 
UC has been diagnosed [81]. Patients having disease 
beyond the splenic flexure, but not necessarily a total 
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colitis should also be offered a colonoscopy at this 
point (e.g. 10 years). 

Surveillance colonoscopy 

When to perform the surveillance colonoscopy obvi- 
ously depends on the histopathological report from 
the initial screening colonoscopy. The following 
guidelines based on the findings from the pathol- 
ogist are used at our centre: 

No dysplasia, indefinite, probably negative 
(probably reactive) changes and indefinite, 
unknown changes 

After a negative screening or surveillance colonos- 
copy, the intervals between colonoscopies should 
not exceed z years, and annual examinations are 
recommended by some experts [82]. Biannual inves- 
tigations between 8 and 20 years of duration have 
been adopted in the Swedish studies [66, 83], with 
annual colonoscopies from that point. 

Indefinite, probably positive (probably 
dysplastic) changes 

The significance of indefinite changes, probably pos- 
itive for dysplasia is not clear. In some studies the 
predictive value of such findings are rather limited 
for future development of dysplasia of higher grades 
[66, 73]. In a recent study [90] the authors found 
that dysplasia of any grade, including indefinite, 
probably dysplastic changes, was an indication for 
colectomy due to a high probability of co-existent 
carcinoma. Yearly examinations for these patients 
are recommended. 

Low-grade dysplasia 

Managing LGD in flat mucosa is the most con- 
troversial part of colonoscopic surveillance in pa- 
tients with UC. Once, confirmed by an experienced 
pathologist, some authors recommend proctocolec- 
tomy [68, 91-93] due to the fact that many pa- 
tients may already harbour a CRC and are at risk 
of progressing to more severe forms of neoplasia. 



However, two recent studies [94, 95] challenge the 
predictive value of LGD as a marker for CRC or 
progression to more severe forms of neoplasia, and 
instead of colectomy the authors recommend in- 
creased surveillance. The following approach is a 
compromise: 

If LGD is detected at a single location, and con- 
firmed by an experienced pathologist, increased sur- 
veying vigilance is advocated with re-examinations 
annually. In the case of confirmed multi-focal LGD, 
a further colonoscope should be performed within 
3-6 months. If repeated findings of multi-focal LGD 
are then confirmed, the patient should be advised to 
have a proctocolectomy. 

High-grade dysplasia, DALM and colorectal 
cancer 

Findings of a carcinoma, a DALM with HGD or 
LGD, or HGD in flat mucosa, are indications for 
proctocolectomy [66, 71]. When adjusted to Dukes 
stage there is no apparent difference in 5 -year sur- 
vival between sporadic CRC and UC-associated 
cancer. The carcinomas in UC are often flat, mul- 
tiple and poorly differentiated [96] and they may 
often be advanced if found in a symptomatic stage. 
Colonoscopic surveillance has the potential of de- 
tecting UC-associated CRC without preceding dys- 
plasia at an early stage, provided that the surveil- 
lance intervals are strictly adhered to [66, 68, 73]. A 
DALM with only indefinite changes needs to be han- 
dled with care as more severe dysplasia, or even car- 
cinoma may be hidden underneath the epithelium. 
Closer surveillance or recommendation for colec- 
tomy is advised. 

Polyps in UC 

If macroscopic lesions are detected, special atten- 
tion is warranted and additional biopsies should be 
sampled in order to exclude a DALM [65, 66, 71, 
97]. Pedunculated adenomas found in a dysplasia- 
free, surrounding mucosa may be managed as in 
non-colitis patients (e.g. snare-polypectomy) [98], 
whereas sessile polyps should be regarded as a po- 
tential DALM, at least in patients over 40-45 years 
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[83]. However, in a recent study [99] of 24 UC- 
patients with DALMs, the authors proposed the 
same management as for sporadic polyps (e.g. snare 
polypectomy) because no patient developed CRC 
or dysplasia elsewhere in the colon and rectum. 
Long-term follow-up data from this study were re- 
cently reported [100] with a median follow-up time 
of 71.8 months. The 24 patients with adenoma- 
like DALMs were compared with 49 non-UC pa- 
tients with sporadic polyps (both groups had been 
treated with snare polypectomy). There was no sig- 
nificant difference between the two groups regard- 
ing polyp formation in this long-term follow-up 
study and the authors concluded that adenoma-like 
DALMs may be treated with polypectomy (instead 
of colectomy) and continued endoscopic surveil- 
lance. An algorithm for the management of neo- 
plastic polyps in patients with IBD has been sug- 
gested [101] and is further discussed in Chapter 
26. In patients with substantial numbers of post- 
inflammatory pseudopolyps, a safe surveillance may 
never be offered and instead, prophylactic colec- 
tomy should be discussed. 



Conclusions 

The increased risk of CRC in longstanding UC is one 
of the major problems in the long-term management 
of these patients. The realisation that widespread 
dysplastic lesions in the colorectal mucosa preceded 
the development of invasive carcinoma, forms the 
mainstay for colonoscopic surveillance. Examina- 
tions with multiple biopsies, at regular intervals, can 
be used as an instrument to select high-risk patients 
for prophylactic colectomy before cancer occurs or, 
if cancer is detected, at a potentially curable stage. 
Although controlled studies comparing the impact 
on CRC mortality among surveyed versus non- 
surveyed UC-patients are lacking, several prospec- 
tive follow-up programmes demonstrate both the 
technical feasibility of such an approach and a low 
frequency of lethal cancers. Despite obvious short- 
comings in the interpretation of histopathological 
dysplasia, it is still the only acceptable way of CRC- 
prevention in these patients. As well as an experi- 
enced, specialised gastrointestinal pathologist, other 
prerequisites for a successful surveillance include 



a fully informed and compliant patient and strict 
criteria for surgery (e.g. CRC, HGD, DALM and 
repeated, confirmed LCD). A combination of en- 
hanced colonoscopic surveillance, using markers 
that are more sensitive (than dysplasia) may in the 
future be the optimal way, to manage the increased 
CRC risk in patients with longstanding UC. 
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Introduction 

Patients with longstanding extensive ulcerative coli- 
tis are at increased risk of developing colorectal can- 
cer [i]. Colonoscopic surveillance is recommended 
to reduce associated mortality [2.]. Surveillance relies 
on the detection of pre-malignant dysplastic tissue, 
and where multi-focal dysplasia is detected, proc- 
tocolectomy remains the management of choice, 
although there is increasing evidence that adenoma- 
like dysplastic lesions may safely be resected endo- 
scopically [3-5]. 



Detection of pre-malignant lesions in 
ulcerative colitis 

In patients without ulcerative colitis, the pre- 
malignant dysplastic lesion, the adenoma, usu- 
ally occurs as a clearly delineated macroscopically 
visible abnormality. However, in ulcerative colitis 
there is no clear-cut adenoma-carcinoma sequence. 
Colitis-associated neoplasia can occur in addition 
to adenomas in patients with long lasting ulcera- 
tive colitis. These lesions are triggered by inflam- 
mation and the macroscopic appearances are often 
flat and multifocal [6]. There are no clear-cut en- 
doscopic, histological or immunohistochemical dis- 
criminators to permit accurate stratification of mass 
dysplasia in colitis, and no universally agreed def- 
inition. However, the term 'intra-epithelial neopla- 
sia' in accordance with the new Vienna classification 
was established, which summarises adenomas and 
colitis-associated neoplasia. 



Currently multiple untargeted random biopsies 
are recommended to diagnose intra-epithelial neo- 
plasia. Four random biopsies per site over nine sites 
throughout the colon should be undertaken, with in- 
creased sampling from the recto-sigmoid and with 
additional biopsies from raised or suspicious lesions 
[2]. However this approach is time-consuming and 
dysplastic lesions might still be overlooked. 

Chromoendoscopy can help to identify pre- 
malignant and malignant lesions. Magnifying en- 
doscopy enables us to analyse surface structure, 
while confocal laser endomicroscopy enables in vivo 
histology. 

Chromoendoscopy 

Intravital staining is the oldest and simplest method 
used to improve the diagnosis of epithelial changes. 
Chromoendoscopy, vital staining and contrast en- 
doscopy are synonyms for the same technique: dye 
solutions are applied to the mucosa of the gastroin- 
testinal tract, enhancing the recognition of details 
in order to uncover mucosal changes not seen by 
purely optical methods prior to targeted biopsy and 
histology [7]. 

In general, there are three classes of dye that can 
be used for chromoendoscopy [7, 8]. 
Contrast dyes 

These simply coat the colonic mucosal surface, and 
neither react with nor are absorbed by it. An ex- 
ample is indigo carmine. Contrast dyes are ef- 
fective because the colonic mucosa is covered 
with tiny pits and whorls of parallel 'innominate' 
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grooves, similar to a fingerprint. When a dye is 
sprayed onto the surface, this pattern becomes 
evident, and disruption of these grooves caused 
by mucosal lesions (which have a different sur- 
face topography) is highlighted. 
Absorptive dyes 

These are absorbed by different cells to different de- 
grees, highlighting particular cell types. An ex- 
ample is methylene blue, which after a few min- 
utes, avidly stains non-inflamed mucosa, but is 
poorly taken up by areas of active inflammation 
and of dysplasia. 
Reactive dyes 

The binding of reactive colouring agents with cer- 
tain mucosal areas is used to identify reactions. 
Their use is less common and their diagnostic 
relevance rather low. 

In patients with ulcerative colitis the most com- 
mon dyes are indigo carmine and methylene blue. 
Chromoendoscopy has two main goals. First, it im- 
proves the detection of subtle colonic lesions, rais- 
ing the sensitivity of the endoscopic examination; 
this is important in ulcerative colitis, as flat dys- 
plastic lesions can be difficult to detect. Secondly, 
once a lesion is detected, chromoendoscopy can im- 
prove lesion characterisation, increasing the speci- 
ficity of the examination. This can be further refined 
with a magnifying colonoscope. Surface analysis of 
colorectal lesions using magnifying endoscopes is a 
new optical impression for the endoscopists. Kudo 
et al. [9] described that some of the regular stain- 
ing patterns are often seen in hyperplastic polyps or 
normal mucosa, whereas unstructured surface ar- 
chitecture was associated with malignancy. Also the 
kind of adenoma (tubular vs villous) can be seen 
by detailed inspection (Fig 23.1). This experience 
has lead to a categorisation of the different stain- 
ing patterns in the colon. The so-called pit-pattern 
classification [9] differentiated five types and sev- 
eral subtypes. Types 1 and 2 are staining patterns 
that predict non-neoplastic lesions, whereas types 
3-5 predict neoplastic lesions (Fig 23.2). With the 
help of this classification the endoscopist can predict 
histology with accuracy [10]. 

As recently shown in prospective and ran- 
domised trials, panchromoendoscopy with methy- 
lene blue or indigo carmine-aided biopsies is supe- 



rior in the detection of intra-epithelial neoplasia as 
compared to random biopsies [10-12]. Based on the 
currently available data SURFACE guidelines [13] 
are proposed for the use and standardisation of this 
new technique in patients with ulcerative colitis (see 
Table 23.1). 

Ideally, surveillance colonoscopies should be per- 
formed in patients whose symptoms are in re- 
mission, to aid both macroscopic and histologi- 
cal discrimination between inflammatory changes 
and dysplasia (Table 23.1, 'Strict patient selection'). 
Thus, a patient with active symptoms should first 
have their medical therapy optimised to induce re- 
mission, wherever possible. However, as patients 
with chronic active inflammation are at increased 
risk of colorectal neoplasia [14], the procedure 
should not be unduly delayed if they fail to respond 
to therapy. 

Examination technique [8] 

A thorough bowel preparation is of crucial impor- 
tance and a prerequisite for chromoendoscopy. On 
insertion, all faecal fluid should be aspirated to en- 
sure optimal mucosal views (Table 23.1, 'Unmask 
the mucosal surface'). When the caecal pole has been 
reached, meticulous inspection of the colonic mu- 
cosa is performed on withdrawal. To reduce spasm 
and haustral-fold prominence (thus reducing blind 
spots), intravenous butyl-scopolamine 20 mg, intra- 
venous glucagon 1 mg or other spasmolytic should 
be given when the caecal pole is reached. Further 
increments can be given as required (Table 23.1). 
Adequate air insufflation is necessary, and if the lu- 
men remains collapsed the patient should be turned. 
Inspection is performed by scouring the mucosa in 
a spiral fashion. Dye spraying of the entire colorec- 
tal mucosa (Panchromoendoscopy) greatly reduces 
the risk of overlooking subtle abnormalities (see Ta- 
ble 23 . 1 ) and adds little to the duration of the proce- 
dure. Before the procedure, 100 mL of 0.1 % indigo 
carmine or 0.1% methylene blue is prepared and 
drawn into 50 mL syringes. A dye-spray catheter is 
inserted down the instrumentation channel, and the 
tip protruded 2-3 cm. Under the direction of the en- 
doscopist, an assistant firmly squeezes the syringe, 
generating a fine mist of dye, which is then painted 
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Fig 23.1 (a) Chromo-and magnifying endoscopy of the terminal ileum. Single villi are clearly visible (black arrows). A 
small erosion (<i mm) is visible in the centre of the image, (b) Magnification endoscopy after methylene-blue aided 
chromoendoscopy. Small inflammatory changes are visible (white arrow) surrounded by normal crypt architecture. 
Chromoendoscopy unmasks an aberrant crypt foci (black arrow). Pit Pattern II. (c) A tubular staining pattern (Type IIIL) 
is clearly visible after Intravital staining. Targeted biopsy revealed low-grade intra-epithelial neoplasia, (d) A flat-growing 
cancer with unstructured surface (Pit Pattern V; black arrow) with accompanying ulceration (white arrow) indicates 
malignancy. 



onto the mucosa by withdrawing the colonoscope 
in a spiral fashion. 

Spraying should be done in a segmental fashion 
(every 20-30 cm). Once a segment has been sprayed, 
excess dye is suctioned, and the colonoscope re- 
inserted to the proximal extent of the segment. It 
is occasionally necessary to wait a few seconds for 
indigo carmine to settle into the mucosal contours; 
methylene blue takes about 60 s to be absorbed. 
Once that segment has been examined, the next seg- 
ment is sprayed, and so on until the anal margin 



is reached. On average, 60-100 mL of solution is 
required to spray the entire colorectal mucosa. 

Dye spraying greatly aids the detection of intra- 
epithelial neoplasia (Table 23.1). Areas of villi- 
form (velvet-like) mucosa with clear borders (cir- 
cumscript lesions) are of particular concern. Areas 
of nodularity or friable mucosa may also indicate 
intra-epithelial neoplasia (Fig 23.1). Sessile (poly- 
poid) lesions are easier to detect, but careful delin- 
eation of the edge of the lesion is required (aided 
by dye-spraying), and if the lesion is endoscopically 
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Table 23.1 SURFACE-guidelines for chromoendoscopy in 
patients with ulcerative colitis. 

Strict patient selection 

Patients with histologically proven ulcerative colitis and at 

least 8 years duration in clinical remission. Avoid 

patients with active disease 
Unmask the mucosal surface 
Excellent bowel preparation is needed. Remove mucus and 

remaining fluid in the colon when necessary 
Reduce peristaltic waves 
When drawing back the endoscope, a spasmolytic agent 

should be used (if necessary) 
Full length staining of the colon 
Perform full length staining of the colon 

(panchromoendoscopy) in ulcerative colitis rather than 

local staining 
Augmented detection with dyes 
Intra-vital staining with 0.4% indigo carmine or 0.1% 

methylene blue should be used to unmask flat lesions 

more frequently than with conventional colonoscopy 
Crypt architecture analysis 
All lesions should be analysed according to the pit pattern 

classification. Whereas pit pattern types I— II suggest the 

presence of non-malignant lesions, staining patterns 

III— V suggest the presence of intra-epithelial neoplasias 

and carcinomas 
Endoscopic targeted biopsies 
Perform targeted biopsies of all mucosal alterations, 

particularly of circumscript lesions with staining 

patterns indicative of intra-epithelial neoplasias and 

carcinomas (pit patterns III-V) 



Fig 23.2 Pit pattern classification. 

resectable, it is essential to take additional biopsies 
from the surrounding mucosa to ensure there is no 
residual neoplastic tissue, and to tattoo the site to 
permit re-inspection later on. 

The combination of chromoendoscopy and new- 
generation magnifying colonoscopes enables de- 
tailed mucosal analysis (Table 23.1). Neoplastic 
changes are characterised by an irregular, tubular 
or villous crypt architecture staining pattern. Non- 
neoplastic changes are characterised by stellate or 
regular round pits. The different staining patterns 
are categorised using the 'pit pattern' classification 
[9]. By targeting biopsies towards mucosal abnor- 
malities (Table 23.1), the specificity of each biopsy 
for dysplasia is increased and the total number of 
biopsies taken per colonoscopic examination can 
be reduced in comparison to random biopsies with 
standard colonoscopy [10-12]. 



Efficiency of Chromoendoscopy 

The first randomised, controlled trial was pub- 
lished in 2003 [10]. This study was designed to 
test whether chromo- and magnifying endoscopy 
might facilitate early detection of intra-epithelial 
neoplasia in patients with ulcerative colitis by us- 
ing magnifying chromoendoscopy. One hundred 
and sixty-five patients with long-standing ulcer- 
ative colitis were randomised at a 1:1 ratio to 
undergo conventional colonoscopy or colonoscopy 
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with chromoendoscopy using 0.1% methylene blue. 
Circumscript lesions in the colon were evaluated 
according to a modified pit pattern classification. 
In the chromoendoscopy group, there was a sig- 
nificantly better correlation between the endoscopic 
assessment of degree and extent of colonic inflam- 
mation, and the histopathologic findings compared 
with the conventional colonoscopy group. More 
targeted biopsies were possible, and significantly 
more intra-epithelial neoplasias were detected in 
the chromoendoscopy group (32 vs 10). Using the 
modified pit pattern classification, both the sensitiv- 
ity and specificity for differentiation between non- 
neoplastic and neoplastic lesions were 93%. The 
overall sensitivity of magnifying chromoendoscopy 
to predict neoplasia was 97% with a specificity of 
93%, respectively. The ability of the dye technique 
to identify neoplastic from non-neoplastic lesions to 
enhance detection of more dysplastic lesions in flat 
mucosa is a potential major advance in dysplasia 
surveillance. These first promising data about chro- 
moendoscopy in UC are confirmed by Hurlstone 
et al. [11]. In a prospective study, 162 patients 
with long-standing ulcerative colitis and established 
pan-colitis underwent total colonoscopy by a sin- 
gle endoscopist using a magnifying colonoscope. 
Subtle mucosal changes such as fold convergence, 
air-induced deformation, interruption of innomi- 
nate grooves or focal, discrete colour change were 
targeted. Intra- vital staining with indigo carmine 
was used. The macroscopic type and the staining 
pattern were defined. The control group consisted 
of 162 disease-matched patients, undergoing con- 
ventional colonoscopy. Chromoendoscopy with tar- 
geted biopsy significantly increased diagnostic yield 
for intra-epithelial neoplasia and the number of 
flat neoplastic changes as opposed to conventional 
colonoscopy. Intra-epithelial neoplasia in flat mu- 
cosal change was observed in 3 7 lesions of which 
3 1 were detected using chromoendoscopy. 

Rutter and colleagues [12] performed a prospec- 
tive trial in UC on 100 patients with back to back 
colonoscopy, starting with random and targeted 
biopsies followed by indigo carmine aided panchro- 
moendoscopy with targeted biopsies only. The diag- 
nostic yield of dysplastic changes was increased in 
this study by the use of chromoendoscopy from two 



to seven patients (3. 5 -fold increase) and from two 
to nine dysplastic lesions (4.5-fold increase). 

In conclusion, magnifying chromoendoscopy is 
a new and useful tool for improving endoscopic de- 
tection of intra-epithelial neoplasia in patients with 
long-standing ulcerative colitis. Chromoendoscopy 
increases the diagnostic yield of intra-epithelial neo- 
plasia as compared with conventional colonoscopy 
and biopsy techniques 3-4.5-fold, which further 
suggests that more patients with ulcerative colitis 
could be considered as candidates for colectomy. 
Differentiation of non-neoplastic from neoplastic le- 
sions is possible with a high overall sensitivity and 
specificity. 



Limitations of chromo- and magnifying 
endoscopy 

At present, there are no severe side effects reported 
with the local use of indigo carmine. However, Ol- 
liver and colleagues [15] recently raised some con- 
cerns about the intra-vital dye methylene blue de- 
spite a harmless transient discoloration of stool and 
urine. They found in patients with Barrett oesopha- 
gus oxidative DNA damage after chromoendoscopy 
(as measured by single-cell gel electrophoresis) and 
argued that methylene blue together with white light 
during endoscopy could also be a risk for patients 
because of the possibility that it may drive car- 
cinogenesis. Therefore, the question arises whether 
methylene blue aided chromoendoscopy may con- 
tribute to the carcinogenic process in other diseases 
like ulcerative colitis leading to an increase of intra- 
epithelial neoplasia during follow-up. However, in a 
follow-up report (median follow-up: 23 months) on 
the safety of methylene blue staining, patients with 
previous chromoendoscopies showed fewer intra- 
epithelial neoplasias compared to patients who were 
screened by colonoscopy. These data suggest that 
chromoendoscopy with methylene blue is a safe and 
highly effective approach for the detection of flat 
colonic lesions in UC. The reported increase of DNA 
lesions upon methylene blue-light treatment is un- 
likely to have biologic significance in vivo, and un- 
wanted side effects appear to be negligible in view 
of the advantages of the method [16]. 
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The visual evaluation of minute detail allowed 
by magnification endoscopy is promising, but some 
points of criticism must be discussed. Inflammation 
can cause significant disturbance of the image seen 
when magnifying endoscopy is used to look for the 
minute changes indicative of neoplasia, and there 
is a danger of false-positive results. Inflamed epithe- 
lium should be treated prior to final endoscopic eval- 
uation whenever possible. It is not useful or practical 
to permanently use the zoom mode when screening 
the lower gastrointestinal tract. The initial evalu- 
ation is performed in conventional mode and de- 
pends strictly on the knowledge and experience of 
the endoscopist. After the initial detection of dis- 
crete lesions, chromoendoscopy and magnification 
endoscopy are the tools used to enhance surface mu- 
cosal patterns. These techniques disclose a plethora 
of mucosal detail, the evaluation of which increases 
the procedure time, at least when the endoscopist is 
learning the technique. 

The proposed classifications for colorectal le- 
sions are too complex relative to their practical 
clinical value. A simplification is recommended. 
We are facing the same dilemma as our pathol- 
ogist colleagues when evaluating dysplasias, with 
the difference that histological preparation is widely 
standardised, whereas standardised procedure rec- 
ommendations are lacking for chromoendoscopy 
and magnification endoscopy. Another difficulty in 
the use of magnifying endoscopes is the high mag- 
nification levels. The newly developed systems al- 
low enlargement of up to 150 times. A sharp image 
is focused by manually adjusting the movable lens. 
Close examination can be difficult due to peristalsis 
and respiratory movements. 

Perspectives and future trends 

The limits and concerns surrounding magnifying 
chromoendoscopy are small and can be overcome 
by training and increased knowledge of the endo- 
scopists. However, the dream and goal of an ideal 
colonoscopy is virtual histology, which means 'on- 
line' in-vivo histology. The endoscopists can decide 
which is the area of interest and can remove the 
lesion in a targeted fashion without prior biopsy. 



Chromoendoscopy can illustrate the surface struc- 
ture. But what is behind the surface? Many new op- 
tical developments are used to try and advance early 
diagnosis of colorectal cancer. Raman spectroscopy, 
optical coherence tomography, light scattering spec- 
troscopy, confocal fluorescence endoscopy and im- 
munofluorecence endoscopy are some of the new 
methods with different advantages and disadvan- 
tages [17]. However, the closest step towards virtual 
histology is confocal laser endoscopy [18]. 

Confocal laser endomicroscopy 

Confocal laser endomicroscopy allows subsurface 
analysis of the intestinal mucosa and in vivo histol- 
ogy during ongoing endoscopy. The components of 
a confocal laser endoscope are based on integration 
of a confocal laser microscope in the distal tip of a 
conventional video endoscope (see Fig 13. 3a). Dur- 
ing laser endoscopy a single line laser delivers an 
excitation wavelength of 488 nm and the maximum 
laser power output is more than or imW at the sur- 
face of the tissue. Confocal image data are collected 
at a scan rate of 0.8 frames/s (1014 x 512 pixels) 
or 1.6 frames/s (1024 x 1024 pixels). The optical 
slice thickness is 7 u.m with a lateral resolution of 
0.7 |xm. The field of view is 500 x 500 jjim). The 
range of the z-axis was 0-200 [Jim below the surface 
layer. Confocal images can be generated simultane- 
ously with endoscopic images (see Fig 23.3). 

Technique of confocal laser endomicroscopy 

A fluorescent contrast agent is used to achieve high 
contrast images using confocal endomicroscopy. Po- 
tentially suitable agents are fluorescein, acriflavine, 
tetracycline or cresyl violet. The contrast agent is ap- 
plied systemically (fluorescein) or topically (all oth- 
ers) by using a spraying catheter. The most common 
dye used so far is fluorescein. 

The confocal endoscope can be handled similarly 
to a standard endoscope. After the application of a 
contrast dye (e.g. fluorescein, systemically), the dis- 
tal tip of the endoscope is placed in gentle contact 
with the mucosa and the position of the focal plane 
within the specimen adjusted using the buttons on 
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Fig 23.3 Scheme of endomicroscopy. (a) Micro-architecture of the colonic wall. Topical acriflavine or systemic application 
of fluorescein is mandatory for confocal endomicroscopy. (b) The confocal images are orientated in a horizontal fashion. 
The optical slice thickness is 7 u.m with a lateral resolution of 0.7 |xm. The field of view is 500 x 500 urn. The range of the 
z-axis is 0-250 urn below the surface layer. 



the endoscope control body. In every region of 
interest images from the surface to deeper parts of 
the mucosal layer can be obtained and stored digi- 
tally in a specific folder associated with the site of 
collection. Targeted biopsies are possible due to the 
proximity of the working channel and the endomi- 
croscopic window at the distal tip of the endoscope 
[18], which allows the position of the confocal scan- 
ner on the tissue to be seen via the conventional 
video endoscopic view. 



Clinical data 

The confocal laser endoscope can be used routinely 
for screening and surveillance. Suspected lesions can 
be examined in a targeted fashion by placing the 
endomicroscopic window onto the lesion. Confocal 
images can be graduated according to cellular and 
vascular changes. The images correlated well with 
conventional histology after targeted biopsies. In the 
first prospective trial 13,020 confocal images from 
390 different locations (256 inconspicuous areas; 
134 circumscript lesions) were compared with his- 
tologic data from 1038 biopsies. Subsurface analy- 



sis during confocal laser endoscopy allowed detailed 
analysis of cellular structures. The presence of neo- 
plastic changes could be predicted by using the new 
developed confocal pattern (see Fig 23 .3a) classifica- 
tion with high accuracy (Sensitivity: 97.4%; Speci- 
ficity: 99.4%; Accuracy: 99.2%) [18]. 

In addition, combination of chromoendoscopy 
and confocal laser endoscopy facilitates surveil- 
lance in ulcerative colitis. Chromoendoscopy un- 
masks circumscript lesions and confocal laser en- 
domicroscopy can be used to predict intra-epithelial 
neoplasias with high accuracy. Thus, targeted biop- 
sies of relevant lesions can be performed and rapid 
prediction of neoplastic changes by confocal laser 
endoscopy during colonoscopy may lead to signif- 
icant improvements in the clinical management of 
UC patients. Different cellular structures (epithelial 
and blood cells), capillaries and connective tissue 
limited to the mucosal layer can be identified by con- 
focal microscopy. Due to the pharmacokinetic prop- 
erties of fluorescein, nuclei cannot be seen. How- 
ever, the presence of neoplastic changes (Sensitivity: 
94.4%; Specificity: 95.6%; Accuracy: 99.3%) and 
inflammation could be predicted with high accuracy 
[19] (Figs 23.4 and 23.5). 
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Fig 23.4 Endomicroscopy in ulcerative colitis: non-neoplastic lesion, (a) Confocal laser colonoscope: the confocal 
microscope is integrated in the distal tip. An additional microscopic window (arrow) enables the emission of blue laser 
light enabling in vivo histology, (b) A small polypoid lesion with regular staining pattern is clearly visible after methylene 
blue-aided chromoendoscopy. (c) Targeted endomicroscopic imaging shows a normal contribution of crypts and crypt 
openings (black arrow). The goblet cells within the crypts are displayed black (white arrow). Connective tissue is arranged 
regularly in a hexagonal fashion, (d) Corresponding histology confirms the endomicroscopic diagnosis. Normal crypts 
and round openings (black arrow) are visible. In addition mucin in the goblet cells are visible (white arrow). 
Note: due to shrinking artefacts the spaces in between the tissue is wider in conventional histology as compared with in 
vivo histology. 



Conclusion 

The newly developed high-resolution and magnifi- 
cation endoscopes offer features that allow more 
and new mucosal details to be seen. They are com- 
monly used in conjunction with chromoendoscopy. 
The analysis of mucosal surface details is beginning 
to resemble histological examination. More accu- 
rate recognition of small flat and depressed neoplas- 
tic lesions is possible. Endoscopic prediction of neo- 
plastic and non-neoplastic tissue is possible by anal- 
ysis surface architecture of the mucosa, which influ- 



ences the endoscopic management. For the diagnosis 
of flat adenomas, chromoendoscopy should belong 
to the endoscopist's armamentarium. In inflamma- 
tory bowel disease chromoendoscopy can be used 
for patients with long-standing ulcerative colitis to 
unmask flat intra-epithelial neoplasia and is likely 
to be the new standard method for surveillance 
colonoscopy in the near future. The new detailed 
images seen with magnifying chromoendoscopy are 
the beginning of a new era, where new optical de- 
velopments like confocal endomicroscopy allow a 
unique look on detailed cellular structures. 
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Fig 23.5 Endomicroscopy in ulcerative colitis: 
neoplastic lesion, (a) A large polypoid lesion is 
visible in the sigmoid. Chromoendoscopy is not 
necessary to recognise the lesion, (b) 
Endomicroscopy shows neoplasia with tubular 
arranged epithelium with loss of goblet cells 
(black arrows). In parts vessel and cell 
architecture is totally irregular (white arrow), 
(c) Corresponding histology shows high-grade 
intra-epithelial neoplasia with similar 
architecture. 
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24: Molecular markers - a realistic hope? 

Jacintha N. O'Sullivan and Teresa A. Brentnall 



Background 

Ulcerative colitis (UC) patients have an elevated 
risk of developing colorectal cancer (CRC) that 
rises with increasing duration and extent of the dis- 
ease^]. This risk is very difficult to quantify, how- 
ever the overall absolute risk of CRC in longstand- 
ing extensive ulcerative colitis (UC) is estimated to 
be 10-15%. Recurrent and life-long colonoscopic 
surveillance is performed with the hope of detect- 
ing mucosal dysplasia or early cancer at a surgically 
curable stage. Despite these intensive efforts, such 
surveillance programmes have been disappointing 
and much debate centres on the effectiveness of such 
screening. There is an urgent need to better iden- 
tify UC patients that may or may not progress to 
dysplasia and cancer. Molecular markers hold great 
promise for refining our ability to establish both 
early diagnosis and prognosis in UC patients. Un- 
derstanding the molecular biology of neoplastic pro- 
gression in UC will allow for the identification of 
molecular events - candidate neoplastic biomark- 
ers - that occur during the evolution of this disease. 
Such biomarkers will improve the clinical manage- 
ment of UC patients, enabling us to concentrate our 
surveillance efforts on those UC patients most likely 
to benefit from them - in turn surveillance becomes 
more economical and less invasive for the majority 
of patients. However, to date, no molecular markers 
are reliable enough to be used for clinical decision- 
making. 

UC cancer is thought to develop in a stepwise 
manner with progressive histological changes from 
negative for dysplasia -*■ indefinite for dysplasia -»■ 



dysplasia -*■ cancer (Fig 24.1a). Rapid cellular pro- 
liferation plays a role in neoplastic progression 
in UC. Known risk factors for the development 
of colorectal dysplasia or cancer in UC are to- 
tal colonic involvement and long duration of the 
disease. Primary sclerosing cholangitis (PSC) is an 
independent risk factor for the development of 
colorectal malignancy in UC [2.-5] and highlights 
patients who need close colonoscopic surveillance 
with extensive biopsy sampling. Recently, the sever- 
ity of colonic inflammation has been shown to 
be an important determinant of the risk of col- 
orectal neoplasia [1] and suggests that endoscopic 
and histological grading of inflammation could al- 
low better risk stratification for surveillance prog- 
rammes. 

Using dysplasia alone as a useful prognostic 
marker for subsequent cancer development has 
many limitations. The large surface area of the colon 
makes it difficult to detect focal dysplasia and can- 
cer. The histological differentiation of inflammatory 
atypia from early neoplasia can be difficult, and 
at times impossible. It is known if 33 biopsies are 
taken, there is still a 10% chance of missing dys- 
plasia or cancer (90% sensitivity) [6]. The fewer 
the biopsies taken, the greater the risk of missing 
neoplasia if it is present. The average number of 
surveillance biopsies taken at colonoscopy is be- 
tween 10 and 20, based on surveys of gastroenterol- 
ogists. This reinforces the limits of current practice 
and the need for robust and reproducible molecu- 
lar biomarkers. These biomarkers need to be suffi- 
ciently sensitive and specific to separate the small, 
highest risk group who will progress to dysplasia 
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Fig 24.1 Proposed pathway of genomic instability leading to UC dyplasia and cancer. 



and who require more frequent surveillance, from 
the majority who will not. 

Biomarkers for UC neoplasia could be developed 
from serum or colonic tissue. A serum biomarker, 
however, is unlikely to detect dysplasia. Dysplastic 



epithelial by-products are less likely to present in 
the blood, yielding fewer or no targets for biomark- 
ers. Therefore, the ideal biomarker would be one 
that could be detected in colonic tissues, prefer- 
ably in 1-2 biopsies that are easily obtained (e.g. 
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rectal biopsies) in an un-prepared colon. The sensi- 
tivity and positive predictive value should approach 
100%. It is thought that by correlating gene expres- 
sion profiles in IBD, it might be possible to identify 
new candidate molecular target genes for IBD ther- 
apy and drug discovery [7]. In this chapter we will 
describe the current knowledge of the different iden- 
tified markers of dysplasia in UC. 

Molecular genetic events in UC 
tumourigenesis 

Although UC-associated cancer and sporadic cancer 
share several molecular alterations, the frequency 
and the timing of molecular changes have been 
shown to differ [8]. The progression of dysplasia to 
carcinoma in UC are accompanied by mutations in 
the APC,p53 and K-ras genes [9]. Loss of APC func- 
tion is a frequent and early event in sporadic colon 
cancer [10], whereas loss or mutations of APC are 
infrequent and occur much later in UC in the transi- 
tion between high grade dysplasia and cancer [11]. 
Alterations of the (3-catenin pathway are important 
in both UC-related and sporadic colorectal cancers. 
However, differences in the expression patterns of 
(3-catenin, E-cadherin and APC between UC-related 
and sporadic colorectal cancers suggest that the spe- 
cific alterations in this pathway may differ in these 
two cancer groups [12]. 

We and others have shown alterations and mu- 
tations in P53 during progression in UC [13-17]. 
Unlike sporadic CRC, P53 alterations occur as an 
early event in UC tumourigenesis - mutations are 
present in normal-appearing mucosa adjacent to 
cancer. One study revealed that the presence of P53 
abnormalities increases the relative risk of develop- 
ing dysplasia by 4.3; moreover, P53 changes pre- 
ceded the presence of HGD and CRC by 26 and 
38 months, respectively, and are associated with 
cancer-related mortality [18]. Recently, it has been 
suggested that serum P53 antibody assessment, an 
indirect marker for P53 gene mutations and abnor- 
mally high P53 protein levels, could have poten- 
tial as a complementary test to improve surveillance 
programme performance [19]. 

Over-expression of zinc-binding proteins, met- 
allothioneins, may lead to functional inactivation 



of the P53 tumour suppressor gene [20] and this 
is thought to be an independent cancer risk factor 
in UC. Development of colonic neoplasia in P53- 
deficient mice with experimental colitis has proven 
to be an excellent animal model of UC associated 
neoplasia because its morphological and molecular 
genetics are similar to those in UCassociated neo- 
plasia in humans [21], further reinforcing the im- 
portance of P53 in UC neoplastic progression. 

Mutations of the proto-oncogene K-ras that are 
very common in sporadic CRC, are relatively un- 
common in UC neoplasia, and their involvement is 
thought to be relatively insignificant [10]. No re- 
lationship exists between micro-satellite instability 
(MSI) and K-ras mutations. K-ras mutations are 
found predominantly in neoplastic mucosa, whereas 
MSI is found predominantly in regenerative mucosa 
[22]. Of note, there is a different site distribution of 
K-ras mutations in UC carcinomas compared to spo- 
radic carcinomas. The incidence of K-ras mutations 
in rectal carcinomas in UC (9%) is significantly dif- 
ferent from levels seen in sporadic rectal carcinomas 
(72%) [23]. 

Previous investigations have shown that expres- 
sion patterns of many cell cycle regulatory genes, 
like the cyclins may contribute to epithelial cellu- 
lar turnover and may be implicated in IBD-related 
dysplasia-carcinoma [24-26]. It is suggested that 
apoptosis may occur less frequently in UC neopla- 
sia compared to sporadic CRC. This may be due 
to the high level of instability present in the UC 
mucosa of Progressors (patients with dysplasia or 
cancer) - these cells may not die despite the mu- 
tational load. UC-associated carcinomas exhibit a 
lower apoptotic count than their sporadic invasive 
counterparts, possibly due to elevated levels of sur- 
viving expression and/or abnormal Bcl-2 expression 
[27, 28]. 

Others have identified abnormal expression of 
sialosyl-Tn [29], sphingomyelin [30] and Bcl-2 
expression [28] in UC dysplasia and associated 
normal-appearing mucosa. Ki67 has also been as- 
sessed as a marker of cellular proliferation to eval- 
uate dysplasia [31]. Restriction of Ki67 staining to 
the basal third of the crypt appears to exclude a di- 
agnosis of dysplasia, whereas strong intensity P53 
staining suggests a diagnosis of dysplasia. 
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As UC is associated with chronic inflammation, 
oxidative stress may contribute to the mutator phe- 
notype seen with UC disease progression. It has 
been shown that oxidative stress can interfere with 
the normal functioning of mismatch repair enzymes, 
contributing to MSI [32]. Inflammation associated 
genes like cycloxygenase-2 are also over-expressed 
in early stages of UC-associated neoplasia [33, 34]. 
It remains unknown whether this inflammation is 
actually causative in the accumulation of the molec- 
ular changes. 

UC patients with dysplasia/cancer demonstrate 
global DNA abnormalities in the normal-appearing 
mucosa adjacent to the cancer, although most UC 
patients who are dysplasia-free do not have these 
changes. DNA abnormalities can take the form of 
chromosomal instability and/or micro-satellite in- 
stability. Abnormal epithelial DNA content (aneu- 
ploidy) in colonic biopsy specimens from UC pa- 
tients who are indefinite or negative for dysplasia 
correlates with future progression to dysplasia [6]. 
Failure of spindle check-points caused by mutation 
of the responsible genes may be an important fac- 
tor for development of aneuploidy [35]. In addi- 
tion, breakage of chromosomes can occur during 
anaphase (see anaphase bridges and bridge breakage 
fusion cycles below) leading to aneuploidy. In UC, 
aneuploid DNA content is more common than loss 
of heterozygosity (LOH) where a region of chromo- 
some is deleted, resulting in only one copy remain- 
ing. In UC, P53 LOH have been deleted in regions 
with negative, indefinite or low-grade dysplastic his- 
tology [13], suggesting that aneuploidy precedes 
both p 5 3 LOF and epithelial dysplasia [13]. Another 
form of genomic instability, micro-satellite instabil- 
ity (MSI), is also common in UC and is present at 
early stages of neoplastic progression, within mu- 
cosa that has no histological evidence of neoplastic 
change [36, 37]. This MSI may reflect the inabil- 
ity of DNA repair mechanisms to compensate for 
the stress of chronic inflammation, and may be one 
mechanism for the heightened neoplastic risk in UC. 

Chromosomal instability 

Key chromosomes become damaged or unsta- 
ble during UC tumourigenesis and these unstable 
chromosomes are pivotal in contributing to the 



development and progression of tumourigenesis in 
UC [38, 39]. Using dual colour fluorescence in situ 
hybridisation (FISH) with centromere probes and 
locus-specific arm probes for chromosome 8, n, 
17 and 18, we have shown that UC non-dysplastic 
mucosa reveals widespread chromosomal instabil- 
ity (CIN) up to 20-30 cm away from the site of 
dysplasia or more [39, 40]. The degree of insta- 
bility in non-dysplastic tissue is similar to that of 
dysplastic/ cancerous mucosa from the same patient, 
suggesting that this instability is widespread and 
reaches the maximum level early in neoplastic pro- 
gression. In rectal biopsies that were negative for 
dysplasia, abnormalities in chromosomal arms, es- 
pecially losses, were most common, whereas cen- 
tromere gains were most common in dysplasia and 
cancer. The frequency and type of abnormalities var- 
ied between the chromosomes examined; chromo- 
some 8 was the least affected, and 17P loss was 
found to be an early and frequent event [39]. Other 
studies have shown that changes in chromosome 17 
and P53 copy number directly correlate with CRC 
risk factors [41]. The DPC4 gene located on the 
long arm of chromosome i8q2i.i has also been 
shown to be a target of i8qLOH events in colitis- 
associated neoplasia [42]. This raises the possibility 
that a screen for CIN might detect the subset of UC 
patients who are at greatest risk for development of 
dysplasia and cancer. 

If dysplasia could be predicted in advance of its 
occurrence, the subset of patients who warrant care- 
ful colonoscopic surveillance with biopsies can be 
selected out from the majority of UC patients who 
will not develop dysplasia. The question remains 
how accurate is chromosomal FISH in distinguish- 
ing UC Progressors from UC non-Progressors. By 
using a combination of these chromosomes listed, 
we have achieved a very high sensitivity and speci- 
flcity-94 and 92%, respectively (unpublished data). 
In addition, we have assessed the used entropy as 
the measure of aberration rather than just per cent 
of cells showing aberrations. Entropy is a measure 
of how 'diverse' the FISH aberrations are among the 
various possible categories of deviation from the ex- 
pected count of 2 arm probes per cell. The additive 
total entropy, using one FISH arm probe per each of 
the four chromosomes, provides 100% sensitivity 
and 92% specificity for distinguishing Progressors 
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from non-Progressors in a data set of 26 patients 
(unpublished data). Of great importance is the fact 
that this discrimination was made using only 1-2 
non-dysplastic biopsies per patient and inter- and 
intra-biopsy variability is low (<io%). These in- 
stability markers are particularly promising because 
they are highly sensitive, pan-colonic and are de- 
tected in histologically negative rectal biopsies from 
UC patients with cancer/dysplasia elsewhere in the 
colon. 



Anaphase bridges 

A possible cause and indicator of chromosomal 
instability is the formation of anaphase bridges. 
These are chromosomes pulled simultaneously to 
both poles of the micro-tubule spindle during chro- 
mosome segregation [43]. When telomeres shorten, 
the ends of the chromosomes become sticky and 
the chromosome ends fuse together, altering cytoki- 
nesis. These bridges can break under stress from 
the mitotic apparatus and reform in the next inter- 
phase, giving rise to bridge-breakage-fusion (BBF) 
cycles, known to contribute to chromosomal insta- 
bility [40, 44, 45]. The aberrant morphology of cells 
in mitosis leads to changes in metaphase spindles 
exerting different influences on the final alignment 
of chromosomes. The correlation between increased 
numbers of anaphase bridges during tumourigenesis 
may be due to genetic loss of a particular tumour 
suppressor and oncogenes. It has been suggested 
that anaphase bridges may be a new diagnostic tool 
to distinguish between chromosomally stable and 
unstable tumours [46], emphasising the importance 
these mitotic defects may have in predicting UC- 
associated cancers. We have developed methods for 
quantifying the anaphase bridges (Fig 24.2c) in UC 
tissue and demonstrated increasing occurrence of 
anaphase bridges in normal-appearing mucosa from 
UC patients with dysplasia elsewhere in their colon 
(Progressors) and less common in UC patients who 
are dysplasia-free (non-Progressors) [40]. 

Telomeres and telomerase 

We and others hypothesise that telomere dysfunc- 
tion and its associated bridge-breakage-fusion cycles 
may drive chromosomal instability [40, 47-49]. 




Fig 24.2 (a) Telomere length assay: telomeres (white spots) 
are present in the stroma, but markedly decreased in the 
epthalial cells of UC Progressors (b) 17P FISH: the left cell 
(blue) from a negative rectal biospy from a UC Progessor is 
abnormal: it shows 3 centrometers (red spots) and 2 
chromosomal arms (green dots) (c) Anaphase bridges from 
a negative biospy of a UC Progessor. 



This leads to the accumulation of multiple genetic 
aberrations needed to form a malignancy and an 
unstable genome (Fig 24.1b). Telomeres are repet- 
itive DNA sequences (TTAGGG) found at the end 
of every chromosome [50] that protect the chromo- 
some tips, rather like the glue that prevents the end 
of shoe-laces from unravelling. Telomere shortening 
occurs with each round of cell division, ultimately 
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leading to critically short telomeres. These chro- 
mosome ends become sticky and, as noted above, 
the ends can fuse together forming chromosomal 
bridges. During this time of genetic cell derange- 
ment, an enzyme telomerase can be re-activated to 
'rescue' short telomeres; this in turn can allow can- 
cer cells to divide indefinitely. Therefore, telomere 
shortening acts as a trigger for cells to either senesce, 
die or up-regulate telomerase and progress into tu- 
mour cells. It is widely accepted that one of the most 
important factors required for indefinite tumour 
growth is the activation of telomerase [51]. This en- 
zyme is only found in cancer cells and not in most 
normal dividing cells. This has lead to two hypothe- 
ses; telomerase activity is necessary for the prolifera- 
tion of cancer cells and telomerase inhibitors may be 
a powerful strategy for cancer therapeutics, acting 
as a brake on cancer cell growth. 

We have demonstrated using in-situ histological 
evaluation of telomere length that telomeres are con- 
siderably shorter in the colonocytes of these UC Pro- 
gressors compared to those of UC non-Progressors 
[40]. The in-situ analysis allows us to assess and 
control for the admixture of epithelial and non- 
epithelial cells in the colon. Stromal cells are used as 
an internal control because they have normal telom- 
ere length; we have verified that telomere length 
shortening is not evident in these cells [40], presum- 
ably due to the expression of telomerase in stromal 
lymphocytes and much slower proliferative rates rel- 
ative to epithelial cells. Fig 24.2a is a representative 
image of telomere shortening in a UC biopsy. Images 
are analysed using a macro developed with Optimas 
image analysis software (Media Cybernetics, Silver 
Spring, MD) and image analysis algorithms are used 
to quantify telomere length measurements [52]. This 
process of telomere attrition may be accelerated be- 
cause of the presence of chronic inflammation in UC, 
which is associated with rapid cell turnover [53], 
and oxidative injury [54]. Both of these factors are 
known to accelerate telomere shortening. 

We hypothesise that shortened telomeres can 
elevate the frequency of end-to-end chromosome 
fusion and result in bridge-breakage-fusion cycles in 
UC. We have shown that shortened telomere length 
is directly associated with chromosomal instability 
in UC [40] using fluorescence in situ hybridisation 
(FISH) (Fig 24.2b). Our finding of high rates of 17P 



arm loss is consistent with this mechanism, as chro- 
mosome 17 has been reported to have the shortest 
telomeres of any human chromosome [55]. Our 
unpublished data using BAC array chips reveals sta- 
tistically significant hot spots on chromosome 5p, 
ioq, i8q and Xq, each seen as a copy number loss 
in the UC Progressor negative biopsies, but not in 
UC non-Progressors biopsies. The regions of these 
lost BACs are all sub-telomeric in location (at the tip 
of the chromosome). We speculate that these are 
the types of losses one would predict with telomere 
attrition or a bridge-breakage-fusion mechanism 
associated with shortened telomeres in UC. This 
evidence provides a mechanism of how these events 
induce the mutator phenotype that predisposes to 
loss of tumour suppressor genes and evolution of 
cancer. 



Biomarker performance 

The management of UC is challenging but better 
knowledge of an individual patient's cancer risk in 
UC would profoundly affect their clinical manage- 
ment. Cancer surveillance in UC is limited by the 
need to detect small foci of dysplasia - foci that can 
be endoscopically invisible. There is an urgent need 
for newer molecular markers to complement the his- 
tologic analysis of dysplasia. We need to be able to 
obtain exceptionally high sensitivity so that a patient 
with dysplasia or cancer is never missed using a par- 
ticular bio-marker panel. Despite the overwhelming 
evidence of molecular markers of dysplasia in UC, 
many of these are not colon wide and/or not sensi- 
tive enough for regular use as an ideal bio-marker 
in the clinical setting. To be able to validate a true 
marker of 'risk' for UC patients, bio-marker data 
must be extrapolated in a longitudinal manner. To 
date, this has not been performed and these data 
are lacking in the field of IBD research. In addi- 
tion, candidate bio-markers will need to be tested 
against the best gold standard of care - UC patients 
undergo colonoscopic surveillance with extensive 
biopsy procurement to confidently detect dysplasia 
if it is present. If too few biopsies are obtained when 
performing a bio-marker clinical trial, then dyspla- 
sia could be missed and the bio-marker specificity 
would be falsely lowered. 
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It is important to understand the molecular 
mechanism of genomic instability in UC, as this pro- 
cess is one of the main reasons for cancer therapeu- 
tic failures and acquired resistance in cancer therapy. 
The molecular targeting of pathways responsible for 
genomic instability, or the selective killing of cells 
with chromosomal instability, would have a great 
impact in the clinical management of UC patients. 
The question remains: what degree of sensitivity 
and specificity do we need to validate a prognostic 
marker for UC and be incorporated into surveillance 
examinations? 

We hypothesised that genomic instability under- 
lies cancer formation in UC and that it can distin- 
guish those UC patients with dysplasia or cancer 
from those who do not have dysplasia. We have ex- 
citing preliminary data that suggests that this hy- 
pothesis is true. Chromosomal arm loss combining 
FISH data from all four chromosomes tested showed 
sensitivity and specificity of (1.00, 0.92) by ROC 
analysis for distinguishing UC non-Progressors from 
UC Progressors (unpublished data). Sensitivity and 
specificity achieved by telomere length and anaphase 
bridge measures is less, but by adding a combina- 
tion of telomere length and anaphase bridge assess- 
ment to the FISH, the combined bio-markers may 
be more robust in future samples. As previously 
discussed, many markers such as aneuploidy, P53 
and mucin-associated sialyl-Tn antigen expression 
also hold promise and have been shown to pre- 
cede the detection of dysplasia [56]. The success- 
ful and efficient clinical validation of such highly 
promising molecular markers may best be accom- 
plished through the inter-disciplinary collaboration 
among UC researchers. Finally, molecular diagnos- 
tics of dysplasia could change the face of clinical 
care for UC patients and their providers and save 
substantial health care dollars. In the future, chemo- 
preventive measures could be undertaken, perhaps 
even tailored, to rectify the underlying abnormal ge- 
netic events. 
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Classification and terminology 

Dysplasia in inflammatory bowel disease (IBD) was 
defined in 1983 as an unequivocal neoplastic prolif- 
eration of the columnar epithelium. Dysplasia may 
not only be a marker or precursor for carcinoma, but 
may also itself be malignant and associated with di- 
rect invasion into underlying tissue [1, 2]. Although 
this works well for overt dysplasia in adenomas, 
and in other inflammatory diseases including colitis, 
when it is subtle it remains an individual interpre- 
tation as some epithelia that are clearly neoplastic 
(infiltrating) may have very little dysplasia to the 
point that in isolation it would be virtually impos- 
sible to predict the fact that it is neoplastic. This is 
not unique to colitis and the same holds for diffuse- 
type gastric carcinomas, and some tumours of the 
appendix and anal glands, as well as some squa- 
mous neoplasms with minimal nuclear changes. The 
theory of this definition is, therefore, not always as 
straightforward as the practice, although when orig- 
inally used it was specifically intended to ensure that 
anything that could remotely be interpreted as reac- 
tive was not included under this rubric. 

In the classification and grading system that was 
proposed for dysplasia in IBD in 1983, dysplasia 
was classified as being negative, indefinite or posi- 
tive for dysplasia. If the epithelium was positive for 
dysplasia, it was further graded into lowgrade dys- 
plasia (LGD) or high grade dysplasia (HGD) [1]. 
This was later modified to clarify the category of 
'indefinite for dysplasia' [3, 4]. 

More recently, there have been classifications for 
dysplasia that have tried to be more universal in their 



international appeal and their applicability to the 
entire GI tract, as well as having clinical relevance. 
The Vienna classification falls under this rubric [5], 
and employs terminology of intra-epithelial neopla- 
sia (NIN), which can be high grade (HGNIN) or 
low grade (LGNIN), and invasive or non-invasive. 
It also reintroduces the term 'in situ carcinoma' as 
a subgroup of HGNIN, acknowledging the grow- 
ing evidence at the molecular level that this lesion 
(however defined) bears more similarity to invasive 
carcinoma than LGNIN. The term intra-epithelial 
neoplasia (IEN) as a synonym for dysplasia can 
also be used. The Vienna system also borrows the 
Japanese term 'suspicious for invasion' for those le- 
sions where one is highly suspicious that a biopsy 
has really been taken from an invasive carcinoma, 
but the criteria for invasion are not unequivocally 
present. The Vienna classification is shown in 
Table 25.1. Interestingly the Vienna system is now 
used widely in Europe but less frequently in North 
America or Japan, although increasingly it is becom- 
ing the international gold standard for publication 
despite the fact that the actual criteria for the grades 
within this system have never been carefully defined 
morphologically. 

Macroscopic/endoscopic appearance 

Dysplasia in IBD may occur in flat mucosa or as a 
focal lesion. In 1959, Dawson first described poly- 
poid lesions in ulcerative colitis (UC) patients in 
a retrospective study of carcinoma specimens [6]. 
Subsequent studies in UC patients described focal 
dysplastic lesions of variable appearances [7-1 1]. 
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Table 25.1 Vienna classification 
of GI epithelial neoplasia. 



Category 1 
Category 2 
Category 3 

Category 4 



Category 5 



Negative for neoplasia/dysplasia 
Indefinite for neoplasia/dysplasia 
Non-invasive low-grade neoplasia 
(low grade adenoma/dysplasia) 
Non-invasive high-grade neoplasia 

4.1 High grade adenoma/dysplasia 

4.2 Non-invasive carcinoma (carcinoma in situ) 

4.3 Suspicion of invasive carcinoma 
Invasive neoplasia 

5.1 Intra-mucosal carcinoma ** 

5.2 Submucosal carcinoma or beyond 



* Non-invasive indicates absence of evident invasion. 

** Intra-mucosal indicates invasion into the lamina propria or muscularis mucosae. 

From Schlemper RJ, Riddell RH, Kato Y et al. [5]. 



In 19 8 1, Blackstone et al. [8] coined the term dys- 
plasia associated lesion or mass (DALM). DALMs 
are grossly and endoscopically visible, usually el- 
evated, dysplastic lesions that complicate chronic 
UC. Their gross appearance is heterogeneous in that 
they may endoscopically appear as plaques, irregu- 
lar or broad-based masses, strictured lesions, polyps 
or nodules. Biopsies can only sample the superficial 
aspects of a DALM showing dysplasia only, even 
if a malignancy is already present. The underlying 
carcinoma is not accessible to the biopsy forceps, 
and cannot be definitively confirmed or excluded 
without resection. 

A subset of DALMs assumes the shape of a dis- 
crete, isolated nodule or polyp. These lesions are 
adenoma-like in appearance (adenoma-like DALM 
{ALM}), such that it may be endoscopically and 
histologically impossible to distinguish adenomas in 
colitic mucosa from DALMs in some cases. 



The main problem with DALMs is whether they 
are really part of a more widespread area of dyspla- 
sia that cannot be removed easily endoscopically, 
or whether they are more adenoma-like, well lo- 
calised and therefore potentially removable endo- 
scopically. It is the distinction of colitic lesions from 
sporadic adenomas arising in colitic mucosa that 
is clinically problematic, as the former cause con- 
cern as to whether they are really DALMs, in which 
case proctocolectomy (and possibly lymphadenec- 
tomy in the region of the DALM) should be car- 
ried out, or whether the lesion is amenable to local 
polypectomy. 

The issue of the gross appearance of DALMs is 
further clouded by the increasing use of other tech- 
niques to identify areas of dysplasia and DALMs 
endoscopically. The reason for this search is that 
although in the original papers [13] dysplasia was 
widespread and involved the rectum, so that rectal 



Problematic aspects of DALMS 

The incidence of DALMs and the incidence of carci- 
noma in DALMs vary between studies (Table 2.5.2.). 
This variation is likely to be related to the varying 
definition of DALMs in the different studies, the use 
of non-standardised criteria for dysplasia, heteroge- 
neous gross appearance of DALMs, evaluation by 
biopsy as opposed to resection, and possibly, the 
variable endoscopic features and degree of sensitiv- 
ity of endoscopic detection. 



Table 25.2 Summary of DALM studies. 







Percentage 




Percentage 


(%)DALM 


Series 


(%)DALM 


with cancer 


Blackstone (1981) [81 


11 


58 


Butt (1983) [9] 


2-9 


83 


Rosenstock (1985) [10] 


5 


3 8 


Lennard-Jones (1990) [7] 


1-5 


83 


Bernstein (1994) [12] 


3-2- 


43 
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biopsies alone were thought to be capable of de- 
tecting dysplasia if it was present, there was huge 
selection bias in these patients as most presented 
clinically with either carcinoma (which could be 
multiple) or widespread dysplasia, and were there- 
fore a very different subgroup of patients from 
those seen in clinical practice for surveillance to- 
day. Further, in patients undergoing surveillance it 
was soon appreciated that patients undergoing their 
first colonoscopy were at much higher risk for hav- 
ing dysplasia, DALMs or carcinoma than those that 
were past this stage and into regular surveillance 
colonoscopy. It is the latter group of patients that 
were problematic as dysplasia in this group was ini- 
tially detected primarily by random biopsies, so that 
the likelihood of detecting dysplasia was a func- 
tion of the number of biopsies taken. Rubin et al. 
[14] calculated that one would need about 33 biop- 
sies to detect dysplasia with about 90% accuracy. 
However, simple mathematics in a colon 100 cm 
long and 10 cm in diameter (i.e. 1000 cm 1 ) would 
suggest that if a patch of dysplasia 2 cm in di- 
ameter is present (the area ttt 2 being 3.142 cm 2 ), 
this would require 1000/3. 14, or some 320 equally 
spaced biopsies to be sure of detecting it. This is 
clearly impractical so a search for better endoscopic 
markers of dysplasia was required to allow detec- 
tion and biopsy of lesions that were thought to be 
dysplastic, or to have an increased risk of being dys- 
plastic. Targeted biopsy of endoscopically visible le- 
sions was much more likely to detect dysplasia pro- 
vided they could be found. As these could also be 
dysplasia associated, the line between the DALMs 
originally described, which were usually overt endo- 
scopically visible masses that gradually gave way to 
those that were increasingly plaque-like, villous or 
slightly raised or depressed areas of nodularity. This 
has led to several major areas of advance to detect 
these lesions including: 

(a) Chromoendoscopy. The addition of dye-spray 
techniques such as methylene blue increased the vis- 
ibility of subtle lesions that were detected endoscop- 
ically, allowing biopsy of such lesions. However, 
these were used largely to accentuate lesions seen on 
regular colonoscopy, although when used routinely 
to examine the entire large bowel it resulted in an in- 
creased rate of finding dysplastic lesions [15, 16]. In 



addition to indigo carmine [16], methylene blue in 
combination with magnification endoscopy signifi- 
cantly improved the detection of dysplasia, particu- 
larly flat lesions, thus allowing for targeted biopsies 
to be performed. Approximately two-thirds of the 
dysplastic lesions were identified only after the ap- 
plication of methylene blue [17]. 

(b) Magnification endoscopy. The introduction 
of the video endoscocope resulted in much better 
definition of colonoscopic lesions, and this has 
continued to improve with high resolution, and 
magnifying colonoscopes now allow recognition of 
individual crypt orifices [18]. Recently a new gener- 
ation of high definition colonoscopes in which there 
is a high intensity chip capable of using all of the 
pixels of a high definition monitor has resulted in 
another leap in the quality of the images. Contrary 
to the previously held view that most dysplasia is 
endoscopically invisible [19-21] there is some recent 
evidence that suggests otherwise. In one retrospec- 
tive study, almost 90% of patients with dysplastic 
lesions had developed a colonoscopically visible 
abnormality [22]. 

(c) Recognition of pit patterns associated with dys- 
plasia. The use of high resolution colonoscopes and 
chromoendoscopy has led to the recognition of pit 
patterns that can be seen in patients with colitis, 
and it is clear that some of these are associated with 
a much greater likelihood of underlying IEN/NIN, 
and sometimes invasive, neoplasia. These have yet 
to be fully standardised and are currently descriptive 
in their terminology. The pit pattern schemes most 
commonly used are the ones modified by Kudo et al. 
[18] and Kudo [23]. Four of the six pit pattern types 
described correlate with dysplastic lesions. This does 
highlight the increasing use of targeted biopsies to 
detect colonoscopic abnormalities, and the change 
in the focus of detecting of DALMs as overt le- 
sions to much more subtle lesions, the significance 
of which remains to be fully elucidated. 

Adenomas, adenoma-like masses (ALMS) 
and DALMS 

In the subsequent discussion, the term sporadic ade- 
noma (SA) will be used in its conventional mean- 
ing (adenoma as seen in the general population, not 
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related to colitis). DALMs will be used to refer to 
neoplastic masses of heterogeneous shapes, which 
may be part of a more widespread area of dysplasia, 
and are highly associated with the presence of inva- 
sive colorectal cancer. Adenoma-like mass (ALM) 
as used by Bernstein [24] will be used to refer to 
a subset of smaller and innocuous-looking lesions 
within the DALM spectrum that, in colitic mucosa, 
resemble the sporadic adenoma and as such, may be 
amenable to complete local excision endoscopically. 
Although the prevalence of adenomatous/dysp- 
lastic polyps appear to be less prevalent in UC pa- 
tients compared to non-IBD patients [25], there is 
a major morphological problem in distinguishing 
polypoid lesions that could well be simple sporadic 
adenomas developing in colitic mucosa (and some- 
times proximal to the colonoscopic limit of disease) 
from those that are likely to be the result of, or 
whose growth has been potentiated by, the colitic 
process. Some have suggested that the architectural 
distortion typically seen in chronic colitis, when sup- 
plemented by dysplasia (IEN/NIN) represents true 
dysplastic lesions, whereas sporadic adenomas have 
a regular distribution of crypts [26]. Although this 
may be good when present, lesions that are other- 
wise indistinguishable from adenomas occur within 
colitic mucosa, often at a much younger age than 
seen in sporadic adenomas (although, increasingly, 
adenomas in young patients in the non-colitic pop- 
ulation are being seen). In Stolte's series [26], 6% 
of lesions judged by the above criteria to be spo- 
radic adenomas occurred in patients younger than 
50 years. When there is no architectural distortion it 
can be very difficult or impossible to be sure whether 
these are just sporadic adenomas in patients with 
colitis, lesions that have been spawned largely as the 
result of the colitic process and are therefore colitis- 
associated tumours, or even part of DALMs or more 
widespread dysplasia. Bernstein has used the term 
adenoma-like lesions (ALMs) for these [24] - a term 
which we find quite useful in patient management. 
When an endoscopic lesion is found within colitic 
mucosa, the pathologist is often under pressure to 
distinguish between whether this lesion is an ade- 
noma, in which case local polypectomy may well 
be adequate, or a DALM, in which case a procto- 
colectomy will be entertained. The fact that mor- 



phologically all of these lesions are dysplastic and 
there are no good criteria for making such a dis- 
tinction (unless one uses the criterion of architec- 
tural distortion previously mentioned) is not gener- 
ally appreciated. This is where the use of the term 
'ALM' proves of value and allows for the institu- 
tion of the management algorithm outlined subse- 
quently. Thus, although the incidence of dysplastic 
polyps per patient year has been variously reported 
as 0.0046 lesions [25], 0.0023 in the surveillance 
programme of St. Mark's Hospital, London [27], 
and 0.0074 m a surveillance study from Stockholm 
[28], one is never quite sure which of these is being 
referred to in the older literature. 

Distinction between DALMS, ALMS and 
sporadic adenomas 

The tools available to the pathologist to attempt to 
distinguish these lesions from one another are his- 
tological examination, immunohistochemistry and 
molecular studies. Both immunohistochemistry and 
molecular studies aim to detect the molecular alter- 
ations present, which are presumably responsible 
for the evolution and development of the lesions. 
Logically, it is reasonable to expect that neoplasms 
arising as the result of the colitic process might arise 
on the basis of a different molecular mechanism, and 
therefore be distinguishable on this basis. Although 
there is some truth to this, overall it is also unre- 
liable in any specific lesion and these findings are 
discussed subsequently (see p. 316). 

Histological features 

Histological examination of DALMs (and ALMs) 
reveals features similar to, and in many cases in- 
distinguishable from, a sporadic adenoma, as all le- 
sions are composed of dysplastic glands. Dysplasia 
(IEN/NIN) may be low grade (LGD, LGNIN) or 
high grade (HGD, HGNIN). It is generally not pos- 
sible to distinguish between adenoma-like DALMs 
and sporadic adenomas on routine histopathologi- 
cal stains. Torres etal. [29] found that adenoma-like 
DALMs (ALMs) in chronic UC patients displayed 
an admixture of normal and dysplastic epithelium 
at the surface of the lesion, and a higher degree 
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of lamina propria inflammation. Their chronic UC 
patients with adenoma-like DALMs (ALMs) had 
longer disease duration and more polyps with vil- 
lous architecture. However, these features reflected 
trends and were far from specific, and so could not 
be used reliably in a given lesion (we have also found 
that these features can be seen in sporadic adeno- 
mas and in familial adenomatous polyposis). Fea- 
tures such as size, architectural type (tubular, villous 
or tubulovillous), degree of dysplasia, and nuclear 
chromatin pattern are not helpful in distinguish- 
ing sporadic adenomas from adenoma-like DALMs 
(ALMS). 

Features suggested for distinction between spo- 
radic adenomas and colitis-related dysplastic lesions 
by Stolte include minimal or absent architectural 
distortion, regular mucin vacuoles close to the sur- 
face, rod-shaped nuclei of regular size and chro- 
matin, the presence of the proliferation zone in the 
luminal part of the mucosa, and sharp distinction of 
the dysplastic glands from adjacent normal mucosa 
in sporadic adenomas [26]. In contrast, in colitis- 
related dysplastic lesions, architectural distortion is 
present, the mucin vacuoles are variable in configu- 
ration and size and irregular in distribution, nuclei 
are variable in shape and size and oval to round, 
the proliferation zone is frequently located in the 
base of the mucosa and may involve its full thick- 
ness, and the dysplastic glands are not clearly de- 
marcated from the surrounding mucosa. The case 
illustrated in Fig 15.1 demonstrates some of these 
features. In this study, the distinction between spo- 
radic adenoma and a colitis-related dysplastic le- 
sion was not feasible based on any one criterion, 
and were made using all the criteria as a whole. 
Even then, some lesions could not be definitively 
classified as one or the other. 

Molecular features 

None of the molecular or genetic alterations known 
at the present time can reliably distinguish adenoma- 
like DALM (ALM) from a sporadic adenoma in a 
given patient. Studies suggest that essentially UC- 
related colorectal carcinomas (CRCs) develop along 
a different molecular pathway from that for spo- 
radic adenocarcinomas. The details of these studies 
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Fig 25.1 Non-adenoma-like DALM lesion. The dysplastic 
crypts that form the polypoid part of the lesion also show 
architectural distortion, especially crypt branching 
(dysplasia superimposed on features of chronic colitis). To 
the left, the dysplasia extends to involve the adjacent flat 
mucosa beyond the confines of the polypoid portion of the 
lesion (this feature is unlike adenoma). 



are beyond the scope of this chapter, and have been 
reviewed elsewhere [30] (Table 25.3). 

In general, ALMs have genetic alterations sim- 
ilar to sporadic adenomas outside UC [32-34]. 
Odze et al. [33] showed that UC-associated non- 
adenoma-like DALMs contained a significantly 
higher proportion of cases with loss of heterozy- 
gosity (LOH) of 3p and pi 6 in comparison to both 
UC-associated ALMs and non-UC-related sporadic 
adenoma. LOH of APC occurred in a similar pro- 
portion of cases in all three groups (Table 25.4). 
The data suggested that there is a difference in 
frequency and possibly in timing of molecular al- 
terations between UC-associated non-adenoma-like 
DALMs and UC-associated sporadic adenomas and 
ALMs. 

There have been reports that ras proto-oncogene 
mutations are more common in sporadic adenomas 
than in DALMs [35]. 8-catenin expression has been 
reported to be more common in sporadic adenomas 
than in DALMs [36, 37]. P53 has been found to 
occur earlier in DALMs than in sporadic adenomas 
[36-39]. 

Although the findings of Walsh et al. [36] sug- 
gest that the combination of strong P53 expres- 
sion and weak S-catenin expression demonstrated 
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Table 25.3 Comparison of molecular alterations between UC-related and sporadic CRCs ectal. 



Molecular aberration 



UC-related CRC (%) 



Sporadic CRC (%) 



p-mutation/LOH 3 ' 

APC mutation/LOH* 

k-ras mutation 

DCC mutation/LOH* 

bciz up-regulation 

Cyclin Di over-expression 

Pzi wa down-regulation 

P27 pi down-regulation 

Pi6 mk 4 a hypermethylation 

p-catenin dysregulation 

E-cadherin down-regulation 

E-cadherin hypermethylation (of gene 

promoter) 
Significant microsatellite instability 
MGMT** promoter methylation status 



70-80 (occur at earlier 

stage - during dysplasia) 
10-30 

30 
12 
22 
30 

5° 

100 

100 

45-50 

43 

52. 

2-9 
16.7 



70-80 

60-90 
50-60 

65 

50-60 

20-64 

25-40 

30 

10 

70-90 

30-40 

36 

10-15 
42.9 



* Mutation and/or loss of heterozygosity (LOH). 

** MGMT: O6- methylguanine-DNA methyltransferase. 

Modified from Wong et al. [30], MGMT data from Matsumura et al. [31]. 



by immunoperoxidase staining is evidence in favour 
of ALM (referred to as 'polypoid dysplastic lesion' 
in this study), the findings lack sensitivity and speci- 
ficity, limiting their usefulness (Table 2.5.5). 

Further, others could not demonstrate differen- 
tial 6-catenin and P53 staining between adenoma- 
like DALMs and sporadic adenoma. 6-catenin and 
P53, as well as pi6 and cyclooxygenase-2. showed 
similar expression by immunostaining techniques in 
dysplastic polyps in UC and sporadic adenomas in 
non-IBD patients, and could not be used to distin- 
guish between the two lesions [2.5]. 

Inconsistent terminology makes it difficult to in- 
terpret the results of some studies. For instance, in 
one study of three polymorphic markers that map 
to the short arm of chromosome 3p were assessed 
for LOH [34], the terms DALM, 'UC-adenomas le- 
sions', and 'spontaneous adenomas' were used. It 
is likely that the term 'UC-adenoma' in this study 
refers to adenoma-like DALM and 'spontaneous 
adenoma' refers to sporadic adenoma in current ter- 
minology. The results of this study provide yet an- 
other example that genetic alterations cannot distin- 
guish between adenoma-like DALM and sporadic 
adenoma. 



In summary, none of the molecular or genetic 
alterations can discriminate definitively between 
adenoma-like DALM and sporadic adenoma in a 
given patient. 

Molecular events in non-dysplastic mucosa 

Early genomic alterations or instability in non- 
dysplastic-appearing mucosa has received attention 
in recent years as a tool for stratifying the risk for 
colorectal neoplasia in UC patients. It would be use- 
ful to find abnormalities in the background non- 
dysplastic mucosa that could predict subsequent de- 
velopment of any form of dysplasia (flat dysplasia, 
adenomas, ALMs and DALMs) which we propose 
to refer to collectively as colitis-associated neoplasia 
(CAN). 

CpG island methylator phenotype (CIMP) is a 
distinct pathway of colorectal carcinogenesis [40]. 
The CIMP-positive colorectal cancers have a high 
degree of CpG island methylation of genes com- 
pared with normal mucosa. Aberrant methylation 
of CpG islands in the promoter region of tumour 
suppressor genes is associated with transcriptional 
inactivation of the genes and is thought to play 
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Table25.5 P53 and E-catenin in UC-associated polypoid dysplasia and sporadic adenomas [36]. 
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an important role in carcinogenesis [41, 41]. The 
CIMP phenotype is also observed in large colorec- 
tal adenomas removed with colorectal cancer [43]. 
In adenomas unassociated with cancer, CpG island 
methylation is more common in adenomas with 
tubulovillous/villous histology, a characteristic asso- 
ciated with more frequent predisposition to invasive 
carcinoma [44]. 

There are data to suggest that methylation of 
several gene-associated CpG islands is substantially 
higher in dysplastic colorectal epithelium from UC 
patients when compared with epithelium from UC 
patients without dysplasia, and non-UC control pa- 
tients [45]. Importantly, methylation abnormalities 
are not limited to the neoplastic mucosa but are 
also present in the non-dysplastic-appearing mu- 
cosa of UC patients with HGD/cancer. These find- 
ings suggest that the increased levels of methylation 
are widespread and occur early in the process of 
tumour development. In UC patients with dyspla- 
sia/cancer, hypermethylation appears to be limited 
to genes that are associated with age-related methy- 
lation, but is not present in the genes associated with 
cancer-related methylation [45]. 

The finding of widespread methylation abnor- 
malities in non-dysplastic mucosa in patients with 
HGD could have several implications. It might be 
used as a tool to predict the development of CAN. 
Given that dysplasia surveillance can be fraught 
with sampling error that may only be reduced by 
exhaustive and time consuming-sampling of the 
colorectal mucosa (discussed above), a role for 
testing of easily accessible rectal biopsies for age- 



related methylation abnormalities can be proposed. 
If present, they may serve to flag higher risk UC pa- 
tients, more prone to dysplasia, as requiring exten- 
sive mucosal sampling at surveillance. Furthermore, 
when this genetic background is associated with an 
ALM, it could help deem it as a colitis-related lesion 
not a sporadic adenoma especially in the younger 
patient, serve as a biomarker of mucosal genetic in- 
stability, and possibly sway the management deci- 
sion towards colectomy rather than local excision. 

Telomeres are tandem repeated DNA sequences 
at the ends of every chromosome, which prevent 
chromosome fusion and instability. Telomere short- 
ening can promote the repeated breakage and fusion 
of the chromosomes with each cell cycle and result 
in chromosomal instability [46, 47]. Chromosomal 
losses have been shown to be greater and telom- 
eres shorter in non-dysplastic biopsy samples from 
UC patients with cancer or dysplasia (UC progres- 
sors) than in those from UC non-progressors (with- 
out cancer or dysplasia) or control individuals with- 
out ulcerative colitis [48]. There is recent evidence 
that telomere shortening may be useful in improv- 
ing the sensitivity and specificity of current dyspla- 
sia surveillance in UC patients [49]. The detection 
of loss of heterozygosity at four sites in the non- 
dysplastic background mucosa accurately predicted 
subsequent neoplasia in all 1 5 patients with cancer. 

Telomere shortening may be used to predict dys- 
plasia, guide dysplasia surveillance and the man- 
agement of ALM lesions in a manner analogous 
to that proposed for DNA methylation (see above). 
Telomerase shortening can be evaluated using the 
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quantitative fluorescence in-situ hybridisation tech- 
nique in tissue sections using a few biopsies [48, 50], 
which makes clinical application quite feasible. 

Management 

Colectomy has been the practice for the manage- 
ment of DALM for many years [8, 51, 52]. Histori- 
cally, DALM has been associated with carcinoma in 
a substantial proportion of patients. Carcinoma was 
found in 5 8 % of UC patients with DALM at the time 
of colonic resection in the series of Blackstone et al. 
[8]. Bernstein et al. found synchronous carcinoma 
occurred with a frequency of 19% in patients with 
flat or polypoid low-grade dysplasia [iz]. Given the 
strong association with cancer, colectomy became 
the standard of therapy when a DALM was present. 

However, colitis-associated neoplasms (adeno- 
mas, adenoma-like masses (ALMS) and DALMS) 
occur in a variety of gross configurations. Adenoma- 
like DALMs (ALMS) have the appearance of ses- 
sile or pedunculated polyps that are well delin- 
eated and resemble adenomas in non-colitics. Other 
DALMs that are not adenoma-like may be broad- 
based, plaque-like, stricturing, nodular or irregular 
lesions [8-9, 19] and very subtle lesions are increas- 
ingly recognisable colonoscopically as indicated in 
the previous section. 

The earlier reports did not stratify the lesions ac- 
cording to their gross appearance or shape. Black- 
stone's series [8] had referral bias, so that the per- 
centage of DALMs harbouring carcinomas (58%) 
in that series is artificially high [29]. It appears that 
the risk of malignancy correlates with the gross con- 
figuration of DALMs. 

The findings of two retrospective studies of IBD 
patients with ALMs identified by, and differentiated 
from, DALMs by strict endoscopic criteria appear 
to indicate that ALMs are the ones less likely to 
harbour a carcinoma. 

When ALMs occur within colitic or non-colitic 
mucosa and there is no synchronous dysplasia in flat 
mucosa, there is evidence that it is safe to simply per- 
form polypectomy and further endoscopic surveil- 
lance [53, 54]. The caveat is that: 
(a) the lesion has been completely removed endo- 
scopically; by examination of a stalk if present, or 



by taking multiple biopsies around the base of the 
lesion to ensure that dysplastic mucosa has not ex- 
tended into the adjacent mucosa, when polypectomy 
would not be curative; 

(b) dysplasia should not be demonstrable else- 
where in the large bowel, as this would be an in- 
dication for colectomy rather than polypectomy; 

(c) ideally the patient should be in the adenoma- 
bearing age range (>40 years of age). 

The length of follow-up evaluation in the pre- 
vious studies averaged only 42 months [53] and 
49 months [54]. During a follow up period of just 
over 3 years, 58% of the UC patients with adenoma- 
like DALMs in Engelsgjerd's series [53] developed 
further adenomas, one patient developed a single 
focus of LCD and none developed adenocarcinoma. 

The significance of the findings of these two se- 
ries was hampered by the relatively short period of 
follow up. There are now long-term follow-up data 
in patients previously reported by Odze et al. [55]. 
UC patients with adenoma-like DALMs treated 
by polypectomy continued endoscopic surveillance 
along with reference population of non-colitic pa- 
tients with sporadic adenomas for a median of 78.1 
and 60.4 months respectively. The results are sum- 
marised in Table 25.6. 58.8% of UC patients devel- 
oped at least one further adenoma-like DALM on 
follow-up evaluation. 

One patient had flat low-grade dysplasia present 
in the colon, which was resected within 6 months 
of the initial polypectomy, and another patient de- 
veloped adenocarcinoma 7.5 years after her initial 
polypectomy. This tumour was not felt to be related 
to this patient's previous adenoma-like DALM. This 
patient also had PSC, which is a strong risk factor 
for the development of adenocarcinoma in UC [56]. 
There was no significant difference in the incidence 
of polyp formation on follow-up between UC pa- 
tients with adenoma-like DALMs, UC patients with 
dysplastic polyps arising in noncolitic mucosa or in 
the reference population of non-UC patients. Odze 
et al. concluded that UC patients who develop an 
adenoma-like DALM may be treated adequately by 
polypectomy with complete excision and continued 
endoscopic surveillance. 

Management of ALMs, DALMs and adeno- 
mas in colitics begins with proper and standardised 
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Table 25.6 Follow up results after polypectomy for ALMs Odze et al. [55]. 
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0% 


Patients developing adenocarcinoma 


1 (4%) 
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dysplasia surveillance. The recommended protocol 
includes biopsies (3-4 biopsies every 10 cm of the 
colon) beginning at the caecum. Although it is not 
unusual to have far fewer biopsies than this, it has 
to be appreciated that this is a sub-optimal series 
of biopsies as previously discussed [14]. This also 
shows the futility of repeating the colonoscopy to 
try to 'find' the area of dysplasia again - especially 
if chromoendoscopy is not used to make it easier. 

The procedure report should specify the number 
and locations of biopsies from flat mucosa and the 
location and endoscopic appearance of any mass or 
suspicious polypoid lesions that were biopsied or 
removed (obvious inflammatory {pseudo} polyps 
need not be biopsied or removed). If there is an 
adenoma-like polypoid lesion, biopsy or excision 
of the lesion and then biopsy of the adjacent flat 
mucosa around it is useful for separating sporadic 
adenomas from DALMs. Biopsies from the adjacent 
flat mucosa should be submitted separately to de- 
termine if the dysplasia is limited to the polypoid 
lesion or whether it spills onto the adjacent flat mu- 
cosa. If there are abundant inflammatory polyps, a 
few should be sampled to ensure that these are not 
dysplastic. 

In IBD, designation of a resected dysplastic poly- 
poid lesion as a sporadic adenoma or a DALM 
should involve consideration of both pathological 
and clinical factors. Communication between the 
colonoscopist and pathologist to reach a confident 
decision regarding DALM versus sporadic adenoma 
using the criteria enumerated previously is integral 
to the diagnostic process. If an ALM lesion is com- 
pletely removed by local endoscopic excision, with- 



out dysplasia in the adjacent mucosa or elsewhere in 
the colon, and the patient is in the adenoma-bearing 
age, local excision would be adequate. If the lesion 
does not fulfil the criteria described above (incom- 
plete excision, dysplasia/IEN around polyp or in col- 
orectal mucosa elsewhere) the patient needs either 
more complete excision of the lesion, or colectomy. 
However, some endoscopic lesions are irregular and 
under these circumstances, despite the lack of a diag- 
nosis of infiltrating carcinoma, these patients should 
be offered total proctocolectomy. 

Although prospective studies with longitudinal 
follow-up are emerging with regard to outcome of 
conservative treatment of ALMs, there continues 
to be several outstanding issues. The endoscopic 
criteria for identifying adenoma-like DALMs, such 
that they are treated conservatively, are very specifi- 
cally selected by the authors of the studies that have 
looked at conservative management of these lesions 
[53-55]. External validation outside of these refer- 
ral centres is needed to establish whether other en- 
doscopists are able to apply these criteria with simi- 
lar reproducibility to identify adenoma-like DALMs 
endoscopically. The significance of finding HGD in 
a locally excised adenoma-like DALMs is not clear. 
A minority of patients in each of the two previous 
studies by Engelsgjerd et al. [53] and Rubin et al. 
[54] had HGD in the adenoma-like DALMs (ALMs) 
removed at the beginning of the studies. A minor- 
ity of the adenoma-like DALMs (ALMs) found dur- 
ing continued surveillance also exhibited HGD. It is 
not clear whether the adenoma-like DALMs (ALMs) 
with HGD found during surveillance occurred in 
the same patients that had HGD in their locally 
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excised adenoma-like DALMs (ALMs) at the start, 
or in the patients who developed new adenoma-like 
DALMs (ALMs) with any grade of dysplasia during 
the follow-up period. It has been argued that if a 
presumed adenoma-like DALM (ALM) is removed 
by polypectomy and found histologically to contain 
HGD or carcinoma, then colectomy should be per- 
formed [57]. Sinicrope and Wang [57] point out that 
in the recent study by Odze et al. [55], although fol- 
low up post-polypectomy for adenoma-like DALM 
(ALM) was relatively long, the median duration of 
UC was 9.2 years, which is relatively brief, given that 
disease duration is the strongest risk factor for de- 
velopment of dysplasia and carcinoma. In the study 
by Rubin et al. [54], follow-up of UC patients with 
polypectomy for adenoma-like DALM (ALM) was 
relatively short, but the average duration of UC was 
25.4 years. There are yet no data available as to the 
outcome of conservative treatment of adenoma-like 
DALMs in patients with longstanding UC with long 
follow-up post-polypectomy. Preserving the colon in 
UC patients for longer periods through conservative 
treatment of adenoma-like DALMs prolongs dura- 
tion of disease and may increase the risk for devel- 
opment of dysplasia in flat mucosa and carcinoma, 
and may lead to some missed cancers. 

Colectomy is recommended for all flat dyspla- 
sia once the diagnosis is confirmed. Most clinicians 
recommend colectomy for HGD [58, 59]. How- 
ever, some still recommend continued surveillance 
for patients with LCD in flat mucosa [60]. There 
are several studies that advocate that patients with 
LCD proceed to colectomy [12, 61, 62]. Ullmanand 
co-workers found that in UC patients, the overall 
rate of progression of flat LCD to advanced neopla- 
sia was 30% [62]. Of UC patients with flat LCD 
who did not undergo immediate colectomy, 50% 
developed HGD, a raised dysplastic lesion or ade- 
nocarcinoma in 3 2 months. The main caveat regard- 
ing colectomy for UC with LGD is the poor inter- 
observation in the histological diagnosis of LGD 
[63]. 

Adenomas proximal to the upper limit of active 
disease are not considered to be in colitic mucosa 
and therefore are treated simply as sporadic adeno- 
mas. The caveat is that this is sometimes a problem 
because mucosa that has been involved previously 



can return to normal histologically [64] so that it 
may be impossible to be completely confident that 
the mucosa has never been involved, and any clinical 
evidence suggesting that any prior flare was exten- 
sive needs to be taken seriously. 



Summary 

The term 'DALM' was originally coined to draw 
attention to the possibility that endoscopic lesions 
that on biopsy showed no indication of invasion 
could indeed harbour invasive carcinoma (some- 
times advanced pathologically). These lesions were 
usually identified on the initial index colonoscopy 
rather than subsequent surveillance colonoscopy. 
Since then it has been increasingly apparent that 
some endoscopic lesions are virtually indistinguish- 
able from sporadic adenomas, causing clinical con- 
fusion about whether these can be handled be simple 
polypectomy or really do have a high risk of inva- 
sion either in the lesion itself or in the remaining col- 
itic mucosa. Such lesions have been called adenoma- 
like lesions (ALMs). It is increasingly apparent that 
these lesions can be excised locally provided that 
local excision can be shown to be complete (stalk 
free, no dysplasia around the base of the lesion) and 
that there is no evidence of dysplasia elsewhere in 
the large bowel when a full surveillance series of 
biopsies have been examined. The development of 
new generations of colonoscopes including magnifi- 
cation, high resolution and high definition, usually 
with chromoendoscopy, allows identification of very 
subtle dysplastic lesions that might allow targeted 
biopsies to be taken. 
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26: Growth impairment in children 

Thomas D. Walters and Anne M. Griffiths 



Introduction 

Inflammatory bowel disease (IBD) manifests during 
childhood or adolescence in up to 25% of patients. 
As among adults, the clinical course, severity and re- 
sponsiveness to treatments vary greatly among chil- 
dren with Crohn's disease or ulcerative colitis [1,2]. 
Unique to paediatric patient populations, however, 
is the potential for growth impairment as a com- 
plication of chronic intestinal inflammation. Ther- 
apy of childhood IBD mirrors that of adults, but 
the challenge in treating each child or adolescent is 
to employ pharmacological, nutritional and where 
appropriate, surgical interventions, not only to de- 
crease mucosal inflammation and thereby alleviate 
symptoms, but also to optimise growth and nor- 
malise associated pubertal development. Normal 
growth is a marker of success of therapy. This chap- 
ter reviews the prevalence of growth impairment in 
paediatric IBD, discusses its pathophysiology and 
outlines strategies for prevention and management. 



Normal growth and pubertal 
development 

'Normal' children grow at very different rates. Pat- 
terns of growth and pubertal progression in young 
patients with IBD can only be accurately recognised 
as pathologic, if the variations in normal develop- 
ment of healthy children and adolescents are first 
appreciated. 

A child's growth is the result of both genes and 
environment; it appears to be principally mediated 
by hormones and nutrition [3]. Linear growth can 



be represented by stature (attained height) or by the 
rate of growth (height velocity). A child's attained 
height represents the culmination of growth in all 
preceding years; height velocity reflects growth sta- 
tus at a particular point in time. 

Growth can be conceptualised as the product of 
three overlapping biological phases: infancy, child- 
hood and puberty. Final height represents the sum 
of each of the individual components. The growth 
hormone/insulin-like growth factor- 1 (GH/IGF-i) 
axis plays a pivotal role in normal post-natal 
growth. GH produced by the pituitary gland binds 
to hepatic receptors and induces hepatic release of 
IGF- 1, which stimulates mitosis of epiphyseal chon- 
drocytes resulting in linear bone growth [4]. Thy- 
roxine, Cortisol and sex steroids are also implicated 
in the maintenance of normal linear growth. 

Linear growth velocity decreases from birth on- 
wards, punctuated by a short period of growth ac- 
celeration (the 'adolescent growth spurt') just prior 
to completion of growth. As the rapid growth of in- 
fancy tails off, the steady growth of childhood pre- 
dominates. Healthy children grow at a consistent 
rate in the range of 4-6 cm annually from 6 years 
of age until the onset of puberty [5]. 

At puberty there is a rapid alteration in body size, 
shape and composition; for a year or more height 
velocity approximately doubles. The age of onset 
of puberty, and hence of the pubertal growth spurt, 
vary among normal individuals and between ethnic 
populations. Puberty begins earlier in girls than in 
boys; moreover the pubertal growth spurt occurs in 
mid-puberty (prior to menarche) in girls but in late 
puberty (after Tanner stage 4) in boys [5]. There is 
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hence quite consistently a 2-year difference in the 
timing of peak height velocity (PHV) in girls com- 
pared to boys [5]. In North American females PHV 
occurs at a mean age of n. 5 years but in males not 
until 13.5 years (2SD =1.8 years) [5]. The occur- 
rence of menarche is an indication that linear growth 
is nearing completion; usually girls gain only 5-8 cm 
more in height within the two subsequent years [5]. 

Monitoring and assessment of growth 

Standardised charts are available for graphically 
recording height, weight and height velocity such 
that an individual child's growth can be compared 
to normative values [6-8]. Wherever possible, ref- 
erence data most appropriate to the child being 
monitored should be utilised. An individual child's 
growth measurement can be represented as a per- 
centile or as a standard deviation score, a quantita- 
tive expression of distance from the reference pop- 
ulation mean (50th percentile) for the same age and 
gender [9]. Healthy children grow steadily along the 
same height percentile and hence maintain the same 
standard deviation score for height from early child- 
hood through until adulthood. Combined parental 
heights can be used to estimate a child's potential 
height [9]. Some temporary deviation from the usual 
growth channel may occur if the pubertal growth 
spurt occurs particularly early (temporary increase 
in height velocity and height centile) or late (tempo- 
rary decrease in height velocity and height centile). 

Definitions of impaired growth 

Within a large patient group, skewing of (standard 
deviation score) SDS for height below population 
reference values is evidence of disease-associated 
growth impairment. Mean height SDS of a popula- 
tion characterised by normal growth approximates 
zero. Growth disturbance in an individual child is 
indicated by an abnormal growth rate [9]. A def- 
inition in terms of static height measurement, al- 
though sometimes used, may be misleading because 
it is so influenced by parental heights. An individ- 
ual child may be normally short; conversely a pre- 
viously tall child may not have increased his height 
in 2 years, but still be of average stature. A shift 



from higher to lower centiles on a growth chart of 
height attained more sensibly signifies growth falter- 
ing. Height velocity expressed either as a centile or 
as a standard deviation score for age and gender, is 
the most sensitive parameter by which to recognise 
impaired growth. 

Growth in pediatric IBD 

Prevalence of growth impairment in IBD 

Inflammatory disease occurring during early ado- 
lescence is likely to have a major impact on nutri- 
tional status and growth because of the very rapid 
accumulation of lean body mass that normally oc- 
curs at this time. Further, boys are more vulnerable 
to disturbances in growth than girls because their 
growth spurt comes later and is ultimately longer 
and greater [5]. 

Crohn's disease 

Several studies have characterised the growth of 
children with Crohn's disease as treated in the 1980s 
and into the 1990s [1, 10-15]. These studies are 
important as a benchmark of outcomes with tradi- 
tional therapy. It is to be hoped that the better under- 
standing of the pathogenesis of growth impairment 
that now exists, together with the greater efficacy of 
current therapeutic regimens in healing intestinal in- 
flammation, may lead to enhanced growth of young 
patients diagnosed in the present decade. 

As summarised in Table 26.1, the percentage of 
patients with Crohn's disease, whose growth is af- 
fected, varies with the time of assessment, the defi- 
nition of growth impairment and with the nature of 
the population under study (tertiary referral centre 
versus population-based) [1, 10-15]. It has, never- 
theless, been consistently observed that impairment 
of linear growth is common prior to recognition of 
Crohn's disease as well as during the subsequent 
years, and that height at maturity has often been 
compromised [1, 10-15]. 

At the time of diagnosis mean standard devia- 
tion score (SDS) for height is reduced among chil- 
dren with Crohn's disease as a group compared to 
reference populations, an indication of the growth 
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Table 26.1 Prevalence of linear growth impairment in paediatric Crohn's disease as treated in the 1980s and into the 
1990s. 



Study 


Time of 




Definition of linear 


Percentage with 


(Reference) 


assessment 


Patients studied 


growth impairment 


growth impairment 


Kanof [11] 


At diagnosis 


Prepubertal (Tanner I 
or II) patients (n = 50) 


Decrease in height velocity 


88% 


Kirschner [10] 


At diagnosis 




Decrease in height centile 
>i SD 


36% 


Griffiths [1] 


During follow-up 


Prepubertal children 
(Tanner I or II at 

diagnosis) (n = 100) 


Height velocity < 2 SD for 
age for > 2 years 


49% 


Hildebrand [12] 


Before diagnosis or 


Population-based cohort 


Height velocity < 2 SD for 


65% 




during follow-up 


of 46 children 


age for 1 year 




Markowitz [13] 


At maturity 


3 8 children in tertiary 
care setting 


Failure to reach predicted 
adult height 


37% 


Kundhallij] 


During follow-up 


Pre-pubertal children 
(Tanner I or II at 

diagnosis) (n = 161) 


Height velocity < 2 SD for 
age for > 2 years 


54% 



retardation occurring prior to recognition and treat- 
ment of intestinal inflammation [1, 12, 14, 15]. Dur- 
ing the decade 1990-1999 in Toronto, mean SDS 
for height at time of diagnosis among 161 Tanner 
stage 1 or 2 children was —0.74 ± 1.2 [15], indi- 
cating overall lesser growth delay in comparison to 
the earlier decade [1]. Nevertheless, the percentage 
of children with height less than the fifth centile 
(SDS < —1.8), based on Center for Disease Con- 
trol 2000 data, was still 22% [15]. Mean SDS for 
height among 333 patients aged less than 16 years 
was —0.54 (95% CI —0.67 to —0.41) in a 1998- 
1999 population-based surveillance study of inci- 
dent IBD in the United Kingdom [16]. Thirteen per 
cent were below the third centile (SDS < —1.96) for 
height based on data from Child Growth Founda- 
tion, London [16]. In Israel SDS for height at diag- 
nosis among a cohort of 93 patients aged less than 
18 years was —0.561b 1.16, but 20% had SDS less 
than —2.0 [17]. Taken together these data confirm 
that growth delay prior to diagnosis still occurs and 
remains a challenge [15-17]. 

Delay in epiphyseal closure allows growth to 
continue longer than normal. Hence mean SDS for 
height may improve over the course of treatment, 
when the chronic inflammation can be controlled 
[1, 12, 15]. No population-based cohort studies 



have compared pre-illness height centiles with final 
adult stature in order to determine how often catch- 
up growth is complete. In spite of gains, mean adult 
height of patients with pre-pubertal onset of disease 
remains reduced compared to population reference 
data [1, 12, 15]. Studies suggesting otherwise have 
included patients with post-pubertal onset of dis- 
ease, and therefore not at risk for growth impair- 
ment [18, 19]. 

Ulcerative colitis 

Cohort data are sparse in comparison to Crohn's 
disease, but in general at diagnosis no significant 
reduction is observed in height-for-age standard de- 
viation scores among young patients with ulcera- 
tive colitis compared to the reference population 
[12, 14, 16]. As an example, SDS for height was 
not reduced (mean —0.12, 95% CI —0.30-0.05) in 
143 children and adolescents with incident UC in 
the British paediatric surveillance study [16]. 

During follow-up growth impairment remains a 
less frequent complication although relatively few 
studies have carefully described linear growth in ul- 
cerative colitis as compared to the abundance of 
studies in Crohn's disease. Hildebrand et al. ob- 
served that 11 (24%) of 45 children had a height 
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Table 26.2 Factors contributing to growth impairment in children with Crohn's disease. 



Factor 



Explanation 



Pro-inflammatory cytokines 
Decreased food intake 
Stool losses 

Increased nutritional needs 
Corticosteroid treatment 



Direct interference with IGF-i mediation of linear growth 

Cytokine-mediated anorexia, fear of worsening gastrointestinal symptoms 

Mucosal damage leading to protein-losing enteropathy; diffuse small intestinal disease 

or resection leading to steatorrhoea 
Fever; required catch-up growth 
Interference with growth hormone and insulin-like growth factor-i 



velocity less than —2.0 SD during at least 1 year 
[12]. Final attained mean height was comparable to 
reference population data in this study [12]. 

Why linear growth impairment is less common 
in ulcerative colitis than in Crohn's disease is not 
entirely clear. The usual colitic symptom of bloody 
diarrhoea is more promptly investigated than the 
often subtle-presenting symptoms of Crohn's dis- 
ease, accounting at least in part for the lesser effect 
on growth prior to diagnosis. Disease-related differ- 
ences in cytokine production may also be important. 

Pathophysiology of growth impairment in IBD 

As summarised in Table 26.2, several inter-related 
factors contribute to linear growth impairment in 
children with IBD. The fundamental mechanisms 
have recently been comprehensively reviewed [20]. 

Chronic caloric insufficiency 

Chronic under-nutrition has long been implicated 
and remains an important and remediable cause of 
growth retardation [21]. Multiple factors contribute 
to malnutrition. However, reduced intake, rather 
than excessive losses or increased needs, is the ma- 
jor cause of the caloric insufficiency. Kirschner et al. 
reported caloric intakes of growth-paired patients 
to average 54% of that recommended for children 
of similar height age [22]. Disease-related anorexia 
may be profound. Cytokines produced by the in- 
flamed bowel are likely to be responsible. Work in 
a rat model of colitis suggests that tumour necro- 
sis factor alpha (TNF-a) interacts with hypotha- 
lamic appetite pathways [23]. Significant intestinal 



fat malabsorption is uncommon [24], but leakage 
of protein is frequent [25]. In general resting en- 
ergy expenditure (REE) does not differ from nor- 
mal in patients with inactive disease, but can exceed 
predicted rates in the presence of fever and sep- 
sis. Furthermore, in comparison to comparably mal- 
nourished patients with anorexia nervosa, a lack of 
compensatory reduction in REE has been described 
in adolescents with Crohn's disease [26]. Reduction 
in REE is a normal biological response to conserve 
energy. Production of inflammatory mediators may 
explain the lack of REE adaptation in patients with 
Crohn's disease, and further augment the ongoing 
malnutrition. 



Direct cytokine effects 

A simple nutritional hypothesis fails to explain all 
the observations related to growth patterns among 
children with IBD. Within the past decade the di- 
rect growth-inhibiting effects of pro-inflammatory 
cytokines released from the inflamed intestine have 
been increasingly recognised and are now the focus 
of intriguing research [27-30]. 

IGF- 1, produced by the liver in response to 
growth hormone (GH) stimulation, is the key me- 
diator of GH effects at the growth plate of bones. 
An association between impaired growth in chil- 
dren with Crohn's disease and low IGF-i levels is 
well recognised [31]. Early studies emphasised the 
role of malnutrition in suppression of IGF-i pro- 
duction [31]. Recently, transgenic mice with defec- 
tive growth were found to over-express interleukin- 
6 (IL-6). Antibody to IL-6 partially corrected the 
growth defect, whereas administration of IL-6 led 
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to a decrease in IGF-i before food intake was af- 
fected [27]. Further, IGF-i levels were negatively 
correlated with IL-6 among children with juvenile 
rheumatoid arthritis [27]. These findings suggest 
that an IL-6-mediated decrease in IGF-i production 
may represent a major mechanism by which chronic 
inflammation leads to stunting of growth [27]. 

The relative contributions of malnutrition and 
inflammation to linear growth delay have recently 
been explored by Ballinger et al. using a rat model 
of TNBS colitis [28]. Two control groups were used: 
healthy controls with free access to food, and a 
pair-fed group comprised of healthy animals with 
daily food intake restricted to match that of colitic 
rats [28]. In the colitic rats IGF-i levels were re- 
duced to 35% of control values. Comparison with 
the healthy but under-nourished pair-fed rats, sug- 
gested that malnutrition accounted for 5 3 % of the 
total depression of IGF-i in colitic rats, with the 
remaining 47% attributable to inflammation [28]. 

There is evidence that inflammatory cytokines 
also inhibit linear growth through pathways other 
than IGF-i production. Animal experiments have 
shown that TNF-a and interleukin-i (IL-i) increase 
chondrocyte death and thus may have a deleterious 
effect on growth [29]. In an organ culture model 
of foetal rat parietal bone, marked impairment in 
osteoblast function and bone growth was observed 
with addition of serum from children with Crohn's 
disease, but not from children with ulcerative col- 
itis, nor from healthy controls [30]. Cytokines ap- 
pear to impair end-organ responsiveness to circulat- 
ing testosterone, thereby compounding the effects of 
under-nutrition in delaying progression through pu- 
berty [32]. 

Corticosteroid-suppression of linear growth 

Chronic daily corticosteroid administration in chil- 
dren augments the growth impairment associated 
with inflammatory disease. The growth suppres- 
sive effects of glucocorticoids are multi-factorial, 
and include central suppression of GH release, de- 
creased hepatic transcription of GH receptor, such 
that production of IGF- 1 is decreased, and decreased 
IGF-i binding in cartilage [33]. Hence exogenous 



corticosteroids create a state of functional GH defi- 
ciency [33]. 

Endocrine mediators of growth impairment 

It is evident from the above discussion that reduced 
plasma concentrations of IGF-i, as a result of in- 
flammatory cytokines and/or malnutrition and/or 
exogenous corticosteroids, play a central role in me- 
diating growth impairment in IBD. GH levels in re- 
sponse to provocative testing are normal [34]. Thy- 
roid gland function is normal. Reduced levels of sex 
steroids and end-organ resistance may play a role 
in delayed or abrogated development of secondary 
sex characteristics and pubertal growth spurt, when 
inflammation is uncontrolled [33]. 

Disease susceptibility genes 

Comprehensive genotype-phenotype correlation 
studies in large paediatric patient populations have 
yet to be performed. Tomer and colleagues sug- 
gested that NOD2/CARD15 polymorphisms might 
be a determinant of growth impairment [35], 
but analysis did not control for disease location, 
the phenotypic characteristic clearly influenced by 
NOD2/CARD15 [36]. A subsequent careful anal- 
ysis of growth prior to and following diagno- 
sis found no association of growth impairment 
with the three common Crohn's disease-associated 
NOD2/CARD1 5 polymorphisms among children in 
Israel [17]. 



Facilitation of normal growth in IBD 

The importance of prompt recognition of IBD 

The clinical presentation of childhood Crohn's dis- 
ease may be subtle and varied. Impairment of lin- 
ear growth and concomitant delay in sexual mat- 
uration may precede the development of intestinal 
symptoms and dominate the presentation. Prompt 
diagnosis is important in avoiding a long period of 
growth retardation. The greater the height deficit 
at diagnosis, the greater is the demand for catch-up 
growth. 
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The importance of monitoring growth 

In caring for children with IBD, it is important to 
obtain pre-illness heights, so that the impact of the 
chronic intestinal inflammation can be fully appre- 
ciated. Following diagnosis and institution of treat- 
ment, regular measurement and charting of height, 
together with calculation of height velocity, are cen- 
tral to management. A properly calibrated wall- 
mounted stadiometer is required for accurate and 
reproducible serial measurements. 

Part of the assessment of response to therapy in 
children with IBD is a regular analysis of whether 
rate of growth is normal for age and pubertal stage 
and whether catch-up growth to pre-illness centiles 
is being achieved. Height velocity must be appraised 
in the context of current pubertal stage, because of 
the variation in normal rates of growth before pu- 
berty, during puberty and near the end of puberty. 
If growth and puberty appear either delayed or 
very advanced, radiological determination of bone 
age can be used to indicate the remaining growth 
potential. 

One of the difficulties in evaluating growth in 
response to a therapy is the relatively long inter- 
val of time required for valid assessment. Published 
normal standards for height velocity throughout 
childhood are based on height increments during 
1 2-month periods[37]. When growth velocity is cal- 
culated over short time- periods, small errors in in- 
dividual measurements are significantly magnified, 
and the normal seasonal variation in growth is over- 
looked. The consensus from paediatric endocrinol- 
ogists is that height velocity should be calculated 
over intervals no shorter than 6 months [37]. On a 
research basis, efforts to reflect growth changes over 
intervals shorter than 6 months have focused on 
measuring changes in lower leg length by knemome- 
try and on the determination of circulating levels of 
markers of collagen metabolism [3 7] . A valid indica- 
tor of anticipated linear growth would allow more 
timely change in therapy. 



Psychosocial impact of impaired growth 

Growth impairment and accompanying pubertal 
delay have a significant psychosocial impact on 



adolescents, as the physical differences between 
them and healthy peers become progressively more 
obvious. In the development process of a disease- 
specific health-related quality of life instrument for 
paediatric IBD, body image issues including height 
and weight were among the concerns most fre- 
quently cited by adolescents with Crohn's disease 
[38]. 

General principles of management 

Prior to recognition of the direct influences of pro- 
inflammatory cytokines on linear growth, man- 
agement of growth-impaired children focused on 
nutritional restitution [21, 22]. Improved growth 
following supplementary enteral or parenteral nu- 
trition is well documented [39-41], but the relative 
contribution of improved nutrition versus reduced 
inflammation is uncertain and may vary between 
patients. A recent study demonstrated that a de- 
crease in inflammatory parameters and an increase 
in IGF- 1 occurred very early during exclusive enteral 
nutrition and preceded changes in nutritional pa- 
rameters [42]. Moreover, a subset of patients fails to 
grow despite nutritional repletion, because intesti- 
nal inflammation remains chronically active. In the 
management or prevention of growth impairment, 
attention needs to focus on the treatment of inflam- 
matory disease using the most appropriate pharma- 
cological, nutritional or surgical intervention [43]. 
Separation of anti-inflammatory and nutritional ef- 
fects is somewhat artificial, moreover, because of the 
important interactions between cytokines and nu- 
trition. Nutrition and inflammation constitute a bi- 
directional pathway [44]. Treatments of paediatric 
IBD will be briefly discussed with respect to their 
effects on growth. 

Anti-inflammatory treatments and effects 
on growth 

Few interventions have been tested in the ran- 
domised controlled trial setting in children, and 
hence the effects of therapies on growth have sel- 
dom been rigorously assessed. The one exception is 
enteral nutrition as primary therapy of paediatric 
Crohn's disease. For most other therapies, growth 
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outcomes have been reported only in observational 
studies. 

To date, the key differences in management of 
IBD in children and young adolescents compared to 
adults have included greater attention to avoidance 
of long-term corticosteroid therapy, more frequent 
use of enteral nutrition as an alternate primary ther- 
apy in Crohn's disease, and earlier consideration of 
resection of localised Crohn's disease and steroid- 
dependent ulcerative colitis [43]. These strategies 
are all aimed at optimising growth prior to comple- 
tion of puberty. New biologic therapies, particularly 
anti-tumour necrosis factor alpha (TNF-a), have 
brought the management of Crohn's disease into a 
new era. Children whose disease remains chroni- 
cally active despite use of immunomodulatory drugs 
now benefit from such therapy. Ongoing monitoring 
of long-term safety issues will determine whether in- 
fliximab and other biologic agents in future should 
have a special place in paediatric treatment regimens 
in order to improve disease-related outcomes includ- 
ing growth and quality of life. 

Enteral nutrition 

Prior to availability of infliximab, acute treatment 
options for moderately to severely active Crohn's 
disease were limited. The appeal of enteral nutrition 
as primary therapy among paediatric patients, re- 
lates to avoidance of steroids, both because of their 
unwanted cosmetic side effects and their propen- 
sity to interfere with growth [43]. Aminoacid based 
and peptide-based formulae are administered by 
nocturnal nasogastric infusion, but more palatable 
polymeric formulae can be consumed orally, and 
appear comparably efficacious [45]. Open trials in 
children have documented endoscopic healing and 
decreased mucosal cytokine production following 
exclusive enteral nutrition [46]. Some have argued 
that active Crohn's disease occurring in children 
is more responsive than that occurring in adults, 
where corticosteroid therapy more often induces 
clinical remission [47, 48]. It seems likely, however, 
that other factors, such as small bowel localisation 
and recent onset of Crohn's disease, rather than 
young age per se, influence responsiveness of in- 
testinal inflammation to exclusive enteral nutrition 



[49, 50]. Nevertheless, enteral nutrition does seem 
to be more feasible in paediatric patients. Chil- 
dren quickly become adept at swallowing the silastic 
catheter required for nasogastric feeding regimens, 
and can remove it each morning before school. 

If enteral nutrition is to facilitate growth, remis- 
sion must be maintained. One of the limitations of 
liquid diet therapy has been the observed tendency 
for symptoms to recur promptly following its cessa- 
tion [51]. Chronic intermittent bowel rest with noc- 
turnal infusion of an elemental diet 1 month out 
of 4 has been reported as a means of sustaining 
remission and facilitating growth [40]. In a multi- 
centre Canadian paediatric study, children achieving 
clinical remission with either prednisone or enteral 
nutrition, were randomised to receive long-term ei- 
ther low dose (0.3 mg/kg) prednisone on alternate 
days or exclusive enteral nutrition one month out 
of four [52]. In the 18 -month study, 67% of the 
children treated with cyclical enteral nutrition re- 
mained in continuous clinical remission compared 
with 47% of those receiving alternate-day pred- 
nisone [52]. Although this difference in relapse rate 
was not statistically significant in the total of 3 5 pa- 
tients studied, linear growth was significantly better 
in the children receiving liquid diet therapy [52]. An- 
other nutritional strategy, continuation of nocturnal 
nasogastric feeding four to five times weekly as sup- 
plement to an unrestricted ad lib daytime diet was 
also associated with prolonged disease quiescence 
and improved growth in a historical cohort study 
[41]- 

Corticosteroids 

Conventional corticosteroids are still the most com- 
monly used drug to treat acute disease exacerbations 
of paediatric Crohn's disease and ulcerative colitis. 
Resolution of inflammation, if sustained following a 
short course of steroids, will be associated with nor- 
mal linear growth. Chronic daily administration of 
corticosteroids to control intestinal inflammation is 
clearly contraindicated in paediatric IBD because of 
the interference with linear growth in addition to the 
other unwanted long-term adverse effects common 
to children and adults. Alternate day administration 
was long ago advocated as a means of controlling 
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inflammation in Crohn's disease without suppress- 
ing IGF- 1 [53]. This strategy, inferior to cyclical en- 
teral nutrition [52], has been abandoned in favour 
of other therapeutic approaches to corticosteroid 
dependency in children with Crohn's disease. Be- 
cause of the limited other medical options, it may be 
reasonable to employ low-dose alternate-day pred- 
nisone for a limited time period in some children 
with steroid-dependent ulcerative colitis, as long as 
linear growth rate is carefully monitored and found 
to be maintained. 

Children with moderate symptoms of active 
Crohn's disease localised to the ileum and/or right 
colon may respond to short-term treatment with 
controlled ileal release budesonide. Cosmetic effects 
of steroids are spared in this context, even if effi- 
cacy is overall somewhat less than with conventional 
corticosteroids [54, 55]. Studies in adults demon- 
strate little benefit in comparison to placebo in main- 
taining remission. Limited clinical experience with 
maintenance budesonide in children raised concern 
that linear growth was impaired during therapy in 
spite of good weight gain [56]. 

Azathioprine and 6-mercatopurine 

The immunomodulatory drugs, azathioprine and 
6-mercaptopurine, are increasingly used to main- 
tain remission in children and adolescents with 
Crohn's disease, a reflection of the increased body 
of evidence in support of both their therapeutic 
efficacy and safety profile. In a multi-centre trial 
newly diagnosed children with moderately severe 
Crohn's disease treated with an initial course of 
prednisone were randomised to receive either con- 
comitant 6-mercaptopurine or placebo [57]. A ben- 
eficial effect on linear growth was not clearly ap- 
parent in this study in spite of the steroid-sparing 
effect and improved control of intestinal inflamma- 
tion, perhaps a function of sample size and diffi- 
culties inherent in comparing growth rates among 
patients of varying ages and pubertal stages [37]. 
Level one evidence of efficacy of azathioprine/ 
6-mercaptopurine in ulcerative colitis is relatively 
sparse even in adult patients. Nevertheless in clin- 
ical practice immunomodulatory drugs are also 
employed in children whose ulcerative colitis re- 



mains steroid-dependent despite optimisation of 
5-aminosalicylic acid or sulfasalazine therapy. 

Surgery 

Optimal management of young patients with IBD 
includes appropriate and timely referral for intesti- 
nal resection. Sustained steroid-dependency and as- 
sociated impairment of linear growth should not be 
tolerated in children with ulcerative colitis, where 
colectomy cures the disease and restores growth 
[58]. For children with Crohn's disease, the possi- 
bility of a significant asymptomatic interval, dur- 
ing which normal growth and pubertal development 
can resume, makes intestinal resection an attractive 
therapeutic option, despite the likelihood of even- 
tual disease recrudescence. 

In two paediatric studies, anatomic distribution 
of Crohn's disease was the most important factor 
influencing duration of post-operative clinical re- 
mission [59, 60]. Patients with extensive ileocolonic 
involvement experienced an excess of early clinical 
recurrences (50% by 1 year) in comparison to chil- 
dren with pre-operative disease in the terminal ileum 
+/— right colon or in the more proximal small in- 
testine (50% by 5 years) [59]. Children undergoing 
resection because of stenosing or fistulising compli- 
cations (e.g. bowel obstruction or intra-abdominal 
abscess) had delayed recrudescence of disease in 
comparison to those operated upon simply for in- 
flammatory symptoms refractory to medical ther- 
apy [59]. An early operative approach to localised 
disease and for complications of chronic inflamma- 
tion is supported by these data [59, 60]. Significant 
improvements in height velocity post-operatively 
compared to pre-operatively are observed in pre- 
pubertal or early pubertal children [59, 60]. 

Anti-tumour necrosis factor alpha 
(anti-TNF-a) 

Within the spectrum of paediatric Crohn's disease 
is a subgroup of patients with chronically active 
extensive disease not amenable to resection, and 
refractory to previously available medical thera- 
pies. At the Hospital for Sick Children in Toronto, 
such patients comprised 16-17% of all pre-pubertal 
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children with Crohn's disease diagnosed during each 
of two decades [i, 15]. These patients, as expected, 
were also the most likely to have sustained growth 
impairment [1, 15]. 

The development of anti-cytokine therapies, 
such as infliximab, with the potential to achieve mu- 
cosal healing, even in otherwise treatment refractory 
patients constitutes a tremendous advance. The abil- 
ity of repeated infliximab infusions to sustain clini- 
cal remission is well documented in adults. Clinical 
experience in children is similar; a beneficial effect 
on linear growth is observed, if treatment is un- 
dertaken early enough prior to or during puberty 
[61, 62.]. These observations are cause for optimism 
that the medical therapy for Crohn's disease avail- 
able in the present decade will reduce the preva- 
lence of sustained growth impairment in paediatric 
patients. 



management. Early recognition of Crohn's disease 
remains an important challenge. Restoration and 
maintenance of a child's pre-illness growth pat- 
tern indicate success of therapy. Current treatment 
regimens limit use of the corticosteroids via opti- 
misation of immunomodulatory drugs, use of en- 
teral nutrition in Crohn's disease, and, if necessary, 
surgery for ulcerative colitis and for intestinal 
complications of localised Crohn's disease. Bio- 
logic agents with the potential for mucosal healing 
hold promise of growth enhancement even among 
patients with otherwise refractory disease, whose 
growth was previously compromised. For all inter- 
ventions, there is a window of opportunity, which 
must be taken advantage of before puberty is too 
advanced. 



References 



Hormonal interventions 

Given that corticosteroids interfere with the GH- 
IGF-i axis at a number of sites, there is a small 
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Summary 

Increased understanding of the mechanisms of lin- 
ear growth impairment associated with chronic in- 
flammatory disease points the way towards better 
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Introduction 

Osteopenia or low bone mineral density (BMD) is 
a recognised complication of inflammatory bowel 
disease (IBD). Genant et al. [i] first reported signifi- 
cantly reduced bone mass in adolescents and adults 
with IBD using spinal and metacarpal radiographs. 
Availability of more precise and reproducible quan- 
titative measurements of BMD confirmed the ear- 
lier finding [2, 3]. The pathogenesis of osteopenia in 
IBD is multi-factorial and incompletely understood. 
As expected, vitamin D deficiency in Crohn's dis- 
ease (CD) and associated osteomalacia has been de- 
scribed [4], but osteopenia with normal vitamin D 
metabolites [5] is more common. A number of stud- 
ies established the high prevalence of osteopenia in 
IBD, both CD and ulcerative colitis (UC) [2, 6, 7]. 
Decrease in total body calcium has been reported [8] 
and histomorphometric data are consistent with re- 
duced bone formation [9]. However, with the avail- 
ability of more sophisticated and sensitive methods 
of investigating bone metabolism, a more complex 
and variable effect of IBD on bone metabolism may 
be appreciated. Osteoporosis, osteomalacia due to 
vitamin D deficiency and osteonecrosis due to cor- 
ticosteroids are all known to occur in IBD. 

As vitamin D deficiency is no longer common, 
the two principal factors incriminated in causing os- 
teopenia in IBD are inflammation and iatrogenic, 
i.e. corticosteroid-induced, bone loss. The relative 
importance of these two factors are currently de- 
bated vigorously, but resolution of this issue is 
fundamental to rational preventive and therapeutic 
measures. 



Bone physiology 

There are two types of bone tissue in adults: cor- 
tical or compact bone and spongy or cancellous 
bone. Eighty per cent of the skeletal mass is cor- 
tical. The remaining cancellous bone comprises tra- 
becular plates and rods of tissue, which interconnect 
with each other [10]. The disposition of trabecular 
plates and rods is oriented predominantly according 
to lines of stress. Trabecular bone, the predominant 
bone at the femoral neck and spine, is metaboli- 
cally more active and more prone to corticosteroid- 
induced bone loss. 

Bone comprises an organic matrix, a mineral 
phase and bone cells. The majority of the ma- 
trix is composed of collagen. Adult bones contain 
type 1 collagen laid down by osteoblasts. Each 
unit of collagen (tropocollagen) comprises a protein 
heterotrimer consisting of two ai chains and one 
a2 chain. Post-translational modification of synthe- 
sised protein consists of hydroxylation of proline 
and lysine. Hydroxyproline and hydroxylysine re- 
lease during the metabolism of bone can be utilised 
as an index of bone break down. Glycosylation and 
the formation of cross-links with other tropocolla- 
gen macromolecules permit their assembly to form 
collagen fibrils, and evidence of such activity can be 
measured in serum and urine. Other proteins incor- 
porated within the collagen matrix during or after 
its formation include proteoglycans, glycoproteins, 
osteocalcin and osteonectin. Osteocalcin is used to 
assess the rate of bone turnover in the evaluation of 
osteoporosis. Hydroxyapatite crystals composed of 
calcium, phosphate and carbonate form the mineral 
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phase of bone. The crystals also contain other ions 
such as sodium, magnesium and fluoride. 

All bone surfaces are covered by cells with dis- 
tinct morphological and functional features [10]. 
These include osteoblasts, osteoclasts and osteo- 
cytes. The osteoblast is the cell responsible for 
the synthesis of collagen and other bone proteins. 
Osteocytes are osteoblasts that have been trapped 
within the bone matrix during the process of bone 
formation. The osteoclast is a multi-nucleated cell, 
which is responsible for bone resorption. It degrades 
fully mineralised bone by attaching onto a bone sur- 
face and secreting acids and lysosomal enzymes. 

Bone remodelling is a constant process in adult 
bone. Old bone is removed by osteoclasts and re- 
placed by new bone formed by osteoblasts. The 
term 'coupling' refers to the sequence of bone re- 
sorption followed by formation, and the term 'bal- 
ance' describes the equality of these two processes 
within individual remodelling units [11]. Mechan- 
ical stimuli and endocrine factors such as sex hor- 
mones, glucocorticoids, thyroxine, growth hormone 
and parathyroid hormone exert important effects on 
bone cells. These effects may be mediated through 
prostaglandins, nitric oxide, cytokines and growth 
factors [12]. There are two mechanisms of bone loss 
in osteoporosis. 

1 Increased bone turnover where the number of 
remodelling units is increased. This results in an in- 
crease in the percentage of bone surface occupied by 
resorption cavities. 

2 Negative remodelling imbalance where the bone 
loss results from bone formation being less than re- 
sorption within a remodelling unit. 

Increased bone turnover is associated with an 
increased likelihood of trabecular penetration and 
erosion, with loss of connectivity of the cancellous 
bone structure. Remodelling imbalance is associ- 
ated with trabecular thinning and relatively greater 
preservation of bone architecture. 



Corticosteroids and bone loss 

Corticosteroids affect both bone resorption and for- 
mation [13]. Resorption is mediated partly by in- 
creased parathyroid hormone secretion secondary 



to calcium malabsorption and increased renal losses. 
Corticosteroids directly affect osteoblast prolifer- 
ation, differentiation and activity and also in- 
hibit bone formation by reduced local production 
of prostaglandin E2 and insulin-like growth fac- 
tor (IGF)-i. Reduced production of gonadal hor- 
mones by the adrenal gland, ovaries and testes 
may contribute to corticosteroid-induced bone loss 
[14]. Cancellous bone is metabolically more ac- 
tive than cortical bone and is preferentially af- 
fected in corticosteroid-induced bone loss. Thus, the 
spine and ribs are especially vulnerable. Histomor- 
phometric studies in patients with corticosteroid- 
induced osteopenia have shown low or normal bone 
turnover with negative remodelling imbalance due 
to reduced bone formation [15]. Calcium kinetic 
studies suggest that increased bone turnover may 
occur during the early stages of treatment [16]. 



Physical activity and bone mass 

Epidemiological data suggest that lack of physical 
activity is a risk factor for osteoporotic fracture and 
exercise can increase BMD both in young adults as 
well as in post-menopausal women and in elderly 
people [17, 18]. Although prolonged immobilisa- 
tion induces bone loss, there is little evidence that 
normal variations in daily physical activity are re- 
sponsible for variations in rates of bone loss [10]. 
Physical exercise improves BMD, but it is difficult 
to change a habit of a lifetime, the effects are modest 
and persist only for the duration of exposure to the 
exercise. 



Effect of cytokines on bone metabolism 

When leucocytes are exposed to mitogens or anti- 
gens in vitro, they release bone-resorbing activity 
into the culture supernatants, which can be de- 
tected by bioassay [19]. Like many lymphocyte- 
monocyte products, this activity has been difficult 
to purify because of its low abundance in activated 
leukocyte cultures and the unwieldy bioassay re- 
quired to detect biological activity. Partially puri- 
fied preparations of this activity inhibit bone colla- 
gen synthesis in organ cultures of foetal rat calvarias 
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[20]. As both tumour necrosis factor (TNF)-a and 
TNF-(3 are likely to be present in activated leu- 
cocyte supernatants, purified recombinant prepara- 
tions were tested for their effects on bone resorption 
and bone collagen synthesis in vitro [2.1]. Both cy- 
tokines at io- 7 M to io- 9 M caused osteoclastic bone 
resorption and inhibited bone collagen synthesis. 
These data suggest that at least part of the bone- 
resorbing activity present in activated leucocyte cul- 
ture supernatants may be due to these cytokines. 
Interleukin (IL)-6 has similar bone-resorbing activ- 
ity. Experimental colitis induced by instillation of 
trinitrobenzene-sulphonic acid with ethanol in a rat 
model results in bone loss [2,2.], providing further 
evidence of the role of intestinal inflammation in 
causing osteopenia. 

A number of cytokines have been implicated in 
osteoclast formation. IL-i, TNF and IL-6 have all 
been shown to affect osteoclast development [23]. 
It has been recently shown that IL-n derived from 
mesenchymal cells provides a more central signal 
for osteoclast formation [24]. IL-6 increases the re- 
cruitment of osteoclast precursors to the osteoclast 
pool, but IL-6 may not play a role in osteoclast 
development in physiological conditions, and may 
only become important in oestrogen-deficient states 

[25]. 

Bone resorption mediated by cytokines 

Bone-resorbing cytokines are generally active at low 
concentrations, and IL-i is the most potent [26]. 
These act primarily as stimulators of osteoclast for- 
mation, although they can affect mature osteoclast 
function as well [27]. Both IL-i and TNF-a stim- 
ulate multi-nucleated cell formation in long-term 
bone-marrow culture [28], and these agents act 
as growth factors for osteoclast precursors, which 
are of the monocyte-macrophage lineage. Both 
granulocyte-macrophage colony-stimulating factor 
(GM-CSF) and macrophage colony-stimulating fac- 
tor (M-CSF) stimulate multi-nucleated cell forma- 
tion in long-term bone-marrow cultures [29]. IL-6 
has stimulatory effects on haemopoietic stem-cell 
proliferation in vitro [30], and as such may in- 
crease the availability of osteoclast precursors. Some 
cytokines may have permissive effects on bone 



resorption by maintaining adequate numbers of 
early osteoclast precursors (GM-CSF, M-CSF and 
IL-6), whereas others act more locally and quickly 
to produce large numbers of the relatively more dif- 
ferentiated osteoclast precursors required for osteo- 
clast formation (IL-i and TNF-a). IL-17 is a recently 
cloned cytokine that is exclusively produced by ac- 
tivated T cells. IL-17 m combination with TNF-a 
but not IL-iP increases osteoclastic bone resorp- 
tion in vitro, and IL-17 receptor messenger RNA 
(mRNA) is expressed by osteoblastic cells in the 
mouse [31]. Interferon (IFN)-~y may be a candi- 
date factor responsible for termination of osteoclast 
activity and inhibit basal and cytokine-stimulated 
bone resorption [32]. IFN-7 decreases the number 
of osteoclasts and the recruitment of osteoclast pre- 
cursors rather than having direct calcitonin-like in- 
hibitory effects on mature osteoclasts [33]. IL-4 has 
also been found to inhibit bone resorption both in 
vitro and in vivo [34]. 

Bone formation mediated by cytokines 

Cytokines have effects on both the initial phase of 
recruitment and differentiation of osteoblast pre- 
cursors and the later phase of bone matrix produc- 
tion and mineralisation by the mature osteoblasts. 
Two groups of cytokines with effects on bone for- 
mation can be identified. The first group contains 
those cytokines that stimulate bone-cell prolifera- 
tion but have inhibitory effects on mature osteoblast 
function. These agents are generally potent stimula- 
tors of bone resorption such as IL-i and TNF-a. 
The second group can be categorised as members 
of the transforming growth factor (TGF)-(3 family 
and includes TGF-(3, IGFs and bone morphogenetic 
proteins (BMPs). These agents stimulate both pre- 
cursor proliferation and mature osteoblast function 
[35]- 

Local production of cytokines in bone 

Local production of cytokines within the bone 
micro-environment may be by non-skeletal haema- 
topoietic or immunological cells, or by osteoblasts 
and osteoclasts. Osteoblasts are capable of secret- 
ing most of the osteotropic cytokines in vitro. 
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Synthesis of local cytokines interacts with local cel- 
lular events (osteoclast activation or initiation of 
bone formation) and the effect depends on the stage 
of development of the skeleton (foetal vs adult) [12] . 
Cultured osteoblasts from patients with rheuma- 
toid arthritis, osteoarthritis and post-traumatic pa- 
tients constitutively secrete IL-8, monocyte chemo- 
attractant protein 1 (MCP-i) and growth-related 
gene product (GRO-a) [36]. However, the cultured 
osteoblasts do not release IL-ia, IL-i|3 or TNF-a. 

Regulation of cytokine actions in bone 

IL-i has synergistic effects on bone resorption 
in vitro with TNF-a [37] and IL-6 [38]. IL-i also 
induces the synthesis and secretion of TNF-a [39]. 
TGF-(3 transcription, however, is regulated by os- 
teotropic hormones rather than cytokines, and lev- 
els are reduced in vitamin D-deficient animals [40]. 
Control mechanisms include inhibitory effects of 
soluble receptors or receptor antagonist proteins 
such as IL-i receptor antagonist. Bone metabolism 
is influenced by the combined effects of a number of 
cytokines and a high degree of redundancy may exist 
with no cytokine having a unique role. Interaction 
with the extra-cellular matrix or modulation of in- 
tegrin expression may provide further complicated 
regulation. 

The role of cytokines in the pathogenesis 
of bone disease 

Bone destruction in multiple myeloma, rheumatoid 
arthritis and post-menopausal osteoporosis may re- 
sult from excess local or generalised production of 
cytokines. The malignant plasma cells of myeloma 
release cytokines such as IL-6, TNF-a and IL-i me- 
diating osteoclast activity and bone destruction. Cy- 
tokine levels in the rheumatoid joint favour osteo- 
clast action and juxta-articular osteoporosis and 
bony erosions. These include high levels of IL-i, 
TNF-a, IL-6 and M-CSF, but low levels of IFN-7. 
It has also been shown that the release of M-CSF 
and IL-6 by activated cells in the arthroplasty mem- 
brane is likely to contribute to pathological bone 
resorption [41]. In post-menopausal osteoporosis, 
evidence supports the indirect effect of oestrogen 



via modulation of cytokine production. Both IL-i 
and TNF secretion by peripheral blood monocytes 
are raised in post-menopausal women [42], and 
the administration of oestrogen to oophorectomised 
women is associated with a normalisation of cy- 
tokine production [43]. Osteoblast IL-6 production 
may also be modulated by oestrogen [44]. 

Measurement of BMD 

Osteoporosis is characterised by low bone mass and 
disruption of bone architecture, leading to reduced 
bone strength and increased fracture risk. Mea- 
surement of BMD provides the best prediction of 
future fracture risk [45-47] especially in women. 
Dual-energy X-ray absorptiometry (DEXA) is the 
most accurate and reproducible method of mea- 
suring BMD [11]. It involves a low radiation dose 
and can measure bone mass in both axial and 
appendicular skeleton. Dual photon absorptiom- 
etry (DPA), single-photon absorptiometry, single 
X-ray absorptiometry, broadband ultrasonic attenu- 
ation and quantitative computed tomography (CT) 
scanning are also accurate, alternative methods of 
measuring BMD [11]. Single-photon absorptiome- 
try and single X-ray absorptiometry are suited for 
BMD measurement at the radius, whereas broad- 
band ultrasonic attenuation is suited for the os cal- 
cis. Axial bone mass may be determined by DEXA, 
DPA and quantitative CT. Prospective studies have 
demonstrated an increasing fracture risk with de- 
creasing BMD and a reduction of one standard devi- 
ation in BMD is associated with a two- to three-fold 
increase in fracture risk [45-47]. 

Lateral radiograph of the dorsal and lumbar 
spine provides evidence of subtle changes in verte- 
bral shape. New generation DEXA-scan images are 
good enough to be a substitute. Bone biopsy should 
be considered in severe osteopenia to exclude osteo- 
malacia. 

Biochemical markers of 
bone metabolism 

For many years the two markers available were 
serum alkaline phosphatase (bone formation) and 
urinary hydroxyproline (bone resorption). Serum 
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alkaline phosphatase may be raised with cholestatic 
(e.g. sclerosing cholangitis) as well as parenchymal 
liver disease (e.g. fatty liver), and distinction from 
bone disease requires clinical details as well as isoen- 
zymes of alkaline phosphatase. Urinary hydrox- 
yproline excretion is influenced by diet and a 24-h 
collection is necessary. Recently, new biochemical 
markers of both bone formation and bone resorp- 
tion have been introduced. Bone-specific alkaline 
phosphatase (BAP) and plasma osteocalcin specif- 
ically reflect osteoblastic activity and are mark- 
ers of bone formation. Bone resorption is reflected 
by degradation of collagen type I, which is a ma- 
jor component of bone matrix. After incorporation 
of collagen into the bone matrix, cross-links are 
formed to stabilise the collagen fibrils. Bone resorp- 
tion is characterised by release of pyridinoline (Pyr) 
and deoxypyridinoline (D-pyr), the mature cross- 
links that are synthesised by the post-translational 
modification of collagen molecules, either as the 
protein-bound (Pyr and D-pyr), free form (DPD), 
or the cross-linked N-terminal telopeptide of type 
I collagen (NTX). Pyr, D-Pyr, DPD and NTX all 
reflect bone resorption. The development of these 
new, more specific and sensitive non-invasive bio- 
chemical markers of bone metabolism in serum or 
urine has increased the chance of early identification 
of patients with increased risk of rapid bone loss 
[48]. 

Multi-factorial pathogenesis 
of osteopenia in IBD 

Various factors such as small-intestinal resection, vi- 
tamin D deficiency [49], smoking, body mass in- 
dex and height have been correlated with osteope- 
nia in IBD, reflecting the heterogeneous nature of 
the cohorts studied by various workers. Osteocal- 
cin, bone matrix Gla protein and protein S are 
involved in bone formation and are vitamin In- 
dependent. Therefore vitamin K deficiency due to 
intestinal disease may also affect bone formation 
and metabolism [50]. It is still not known the ex- 
tent to which bone mineral loss in IBD occurs 
as an integral manifestation of the disease as dis- 
tinct from the secondary osteopenic influences of 



Table 27.1 Multi-factorial aetiology of osteopenia in 
inflammatory bowel disease. Possible contributing factors 
to osteopenia and their relevance to Crohn's disease (CD) 
or ulcerative colitis (UC). 



Disease-related 



CD 



Corticosteroid therapy 

Calcium, vitamin D deficiency 

Inactivity 

Hypogonadism/amenorrhoea 

Malnutrition 

Surgical resection 

Vitamin D receptor polymorphism 

Smoking 



CD + UC 

CD 

CD + UC 

CD 

CD + UC 

CD 

CD-u. 

CD 



corticosteroid therapy, surgical intervention, inac- 
tivity, malabsorption of calcium and vitamin D or 
the cachexia of inflammation (Table 2.7.1). 

Gender, age and body weight are major determi- 
nants of BMD in the normal population as well as 
the IBD patients [51]. No correlation between bone 
loss and serum parameters of calcium metabolism 
has been demonstrated [6]. Although the deleterious 
effects of corticosteroids on trabecular bone mass 
are well documented [52], longitudinal studies in 
patients with IBD have failed to show any signifi- 
cant correlation between the rate of bone loss and 
prednisolone therapy [7]. Conflicting evidence from 
cross-sectional studies, however, indicated that cu- 
mulative corticosteroid use might be an important 
or even the sole cause [53] of osteopenia in pa- 
tients with IBD. This is contradicted by other cross- 
sectional studies [54, 55]. Increased bone resorption 
has been described in patients with CD [56] and in 
IBD patients as a group [57, 58], while bone for- 
mation (assessed by bone alkaline phosphatase) is 
especially suppressed in patients on corticosteroids 
[58]. 



Prevalence of osteopenia in IBD 

Osteopenia is a common problem in the general 
population and a 50-year-old Caucasian woman has 
a 40% chance of fracture in her lifetime and a similar 
man has a 14% chance of fracture in his lifetime. 
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Table 27.2 Estimation of T- and Z-scores in the 
measurement of bone mineral density (BMD). 

T-Score = Number of SD the BMD is above or below 

young adult mean. 
Z-Score = Number of SD the BMD is above or below 

age and gender matched mean. 



BMD is generally expressed as T-scores (to esti- 
mate fracture risk) or Z-scores (to compare different 
groups with varying age and sex mix) as shown in 
Table 17.2. 

The World Health Organisation has provided 
pragmatic definitions of osteopenia and osteoporo- 
sis based on BMD measurements as follows: 
Osteopenia: T-score less than or equal to — 1; 
Osteoporosis: T-score less than or equal to —2.5 

The risk of fragility fractures based on these 
T-scores are best established for women (especially 
post-menopausal) and should not be applied to men 
without further data. The reported prevalence of os- 
teopenia and osteoporosis in IBD is highly variable 
(Table 27.3) and much of this variation is related to 



Table 27.3 Prevalence of osteopenia and osteoporosis in 
inflammatory bowel disease. 



Study (first author, reference) 

Osteopenia 
Abitbol [97] 
Roux [98] 
Dinca [71] 
Vogelsang [85] 
Schulte [55] 
Bjarnason [57] 

Osteoporosis 
Motley [99] 
Roux [98] 
Vogelsang [85] 
Bjarnason [57] 
Dinca [71] 
Clements [3] 
Compston [6] 
Schulte [55] 
Pigot [2] 
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43% 


2-3 


48% 


103 


32-42% 


30 


31% 


149 


33-44% 


79 


78% 
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33% 


2-3 


26% 


30 


31% 


79 


29% 


103 


6% 


50 


10% 


75 


30% 


149 


10-16% 


61 


23% 



100 



75 



50 



25 



p = 0.002 
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Osteopenia Osteoporosis 

WHO definition 

Fig 27.1 Prevalence of osteopenia and osteoporosis 
according to WHO definition in inflammatory bowel 
disease patients in Edinburgh. Although osteopenia is very 
prevalent in male Crohn's disease patients, the validity of 
the WHO cutoff values for T-scores in men is doubtful. 



patient selection, proportion of CD and UC patients, 
referral patterns and type of institution, median du- 
ration of disease and treatment preferences. The 
general prevalence figures conceal important disease 
and sex differences. It can be seen from Fig 27.1 that 
out of 94 unselected patients with IBD in our unit, 
90% of male CD patients were osteopenic com- 
pared with 50% of female CD patients (c z = 9.9, 
P = 0.002). Osteoporosis was also more common 
in male CD patients compared with female CD pa- 
tients (48 vs 10%; x 2 = 11. 8, P = 0.001). UC pa- 
tients, however, showed no such gender differences. 
Detailed study of gonadal function in men with CD 
has not been reported, but low free androgen in- 
dex with normal gonadotrophins may occur and 
serum testosterone is significantly correlated with 
plasma osteocalcin [59]. It is not known, however, 
whether the same cut-off values for BMD are ap- 
plicable to men, as men achieve a higher peak bone 
mass than women and have larger bones. Bone loss 
may be significantly higher in patients on steroids 
(compared with those not on steroids) at the femoral 
neck and Ward's triangle, but not at the spine or to- 
tal body [55]. The greater prevalence of reduced hip 
BMD as opposed to vertebral BMD has also been 
described by Bjarnason et al. [57]. In patients with 
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ileal pouch-anal anastomosis for UC, low BMD may 
be reversible after surgery [60]. The current trend is 
to express lifetime fracture risk rather than T-scores 
in deciding on specific intervention in a patient. 

The prevalence of fractures in IBD 

Asymptomatic vertebral fractures are common in 
CD. In the MATRIX multi-centre European/Israeli 
study investigating budesonide with a focus on bone 
loss, 25 of 179 steroid-free patients (14%) and 13 
of 89 (14.6%) of steroid-dependent patients had 
asymptomatic vertebral fractures [61]. Even iz.4% 
of steroid-naive patients had vertebral fractures and 
overall, the fracture rate was not correlated with 
lifetime steroid dose suggesting that the contribu- 
tion of disease itself to fractures is considerable. The 
fracture rate was not correlated with bone mineral 
density, a useful caveat against using BMD as the 
sole predictive factor for development of fractures. 

In a primary care-based nested case-control 
study based on the General Practice Research 
Database (GPRD) managed by Medicines Control 
Agency (MCA) in the United Kingdom, 231,778 
fracture cases and an equal number of age-gender 
matched controls were recruited and the prevalence 
of CD and UC was 156 and 282 per 100,000 re- 
spectively. Patients with IBD had an increased risk of 
vertebral fracture (OR 1.72,95% CI 1. 13-2. 61) and 
hip fracture (OR 1.59,95% CI 1. 14-2. 23). The risk 
of hip fracture was significantly greater in patients 
with CD compared with patients with UC [62]. Dis- 
ease severity predicted fractures even after adjusting 
for corticosteroid use (Fig 27.2), and this provides 
estimates of 10-year fracture risks for IBD patients 
above the age of 50. 

In a population-based cohort of UC patients res- 
ident in Olmsted County, Minnesota, fracture-risk 
was not elevated relative to matched community 
control subjects [63], suggesting that the impact on 
bones may be less in UC. 

The difference between UC and CD 

CD may be considered a systemic disease whereas 
UC is usually limited to colonic mucosal inflamma- 
tion alone; CD also has important immunological 



differences from UC [64]. Newly diagnosed patients 
were studied by us [65] in order to avoid most of 
the secondary osteopenic influences mentioned pre- 
viously. The measurement of BMD was repeated 
about a year after diagnosis to assess progressive 
bone loss and the effects of therapy. Both spine and 
forearm BMDs were studied so that trabecular and 
cortical mineralisation could be assessed, as there 
are metabolic differences between these two types 
of bones [66]. 

At diagnosis, the mean spine Z-score in CD pa- 
tients was significantly lower (P < 0.01) than the 
UC patients (—1.2 ± 0.6 vs 0.1 ± 0.7). The patients 
were recruited prior to steroid therapy or surgical 
resection. The mean spine Z-score after 1 year was 
unchanged despite the majority of patients receiving 
steroid therapy. 

Plasma Ca, P0 4 , urinary Ca/creatinine, urinary 
P0 4 /creatinine, urinary hydroxyproline/creatinine, 
25-OH vitamin D, alkaline phosphatase, im- 
munoreactive parathormone (iPTH) were all nor- 
mal at diagnosis. Bone alkaline phosphatase and 
plasma osteocalcin were similar in CD and UC, but 
bone resorption markers Dpd/creatinine and Pyd/ 
creatinine were significantly higher in CD than 
in UC (Fig 27.3a). There was no difference be- 
tween colonic disease and small-bowel disease in CD 
patients. 

Few of the other previous studies on BMD in 
IBD patients have documented differences between 
CD and UC. It is noteworthy that none of these 
studies had recruited only newly diagnosed patients 
and scrutiny of the results showed that their co- 
horts of IBD patients had long-standing disease. It 
is likely that in such cohorts, many confounding 
variables will have been present, particularly pro- 
longed steroid therapy and surgical interventions 
along with complex nutritional deficiencies, so that 
any primary effect of the disease would be masked. 
A population-based study from Norway confirmed 
reduced BMD in 60 patients with CD but not in 
60 patients with UC [67], but other studies [57] 
have found no significant differences between CD 
and UC. Serum from children with CD-affected os- 
teoblast function and produced osteopenia in foetal 
rat bone substrate but serum from UC patients 
produced no effect [68] . In a recently reported Dutch 
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Fig 27.2 Estimated io-year risk of any fracture (% in Y-axis) in patients with IBD stratified by the number of IBD 
symptoms, reflecting disease severity. Adapted from data in [62]. Current age given as X-axis: (a) in IBD women; (b) in 
IBD men. 



case-control study, there was no difference in BMD 
between recently diagnosed CD and UC patients and 
IBD patients were not osteopenic compared to pop- 
ulation controls [69, 70]. However, most of the pa- 
tients in this cohort had already been treated with 
steroids and had inactive disease. 

In order to resolve this discrepancy we prospec- 
tively recruited three groups of IBD patients be- 
tween the ages of 20 and 75 years. Exclusion cri- 
teria were cholestatic liver disease such as primary 
sclerosing cholangitis, thyroid disorders, renal fail- 
ure and hormone replacement therapy prescribed 
specifically for osteoporosis. The three groups were 
as follows (Fig 27.4a). 



Group 1. Newly diagnosed patients. Twenty-one 
newly diagnosed CD patients and 20 newly diag- 
nosed UC patients were recruited into this study. 
This was a different cohort from the newly diag- 
nosed patients reported above. BMD measure- 
ments were done prior to commencement of any 
therapy. The mean Z-score for spine BMD was 
significantly lower in CD (P < 0.02) compared 
with UC (— 1. 11 (SD 0.57) vs 0.27 (SD 0.54)). 
The forearm Z-score showed a similar difference 
between CD and UC (—1.18 (SD 0.67) vs 0.08 
(SD 0.74)) (P < 0.01). No patient had suffered 
any pathological fractures within a year of their 
diagnosis. 
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Fig 27.3 (a) Urinary bone resorption markers (indexed 
against creatinine excretion) in newly diagnosed 
inflammatory bowel disease (IBD) patients from 
Edinburgh, separated into Crohn's disease and ulcerative 
colitis. Pyd: pyridinoline; Dpd: deoxypyridinoline; creat: 
creatinine, (b) Four urinary bone resorption markers in 
IBD patients compared with healthy controls. NTX: 
cross-linked N-terminal telopeptide of type I-collagen; 
PYR: pyridinoline (Data adapted from Schulte et al. [58]). 



Group 2. Patients with intermediate duration of 
disease. BMD was also measured in 19 patients 
with CD and 1 5 patients with UC who did not 
fulfil the criteria for either group 1 or group 3, 
i.e. they had disease duration between 6 months 
and 4 years. The mean Z-score for spine BMD in 
CD was —1.09 (SD 0.53) and in UC was —0.06 
(SD 0.72). This difference is statistically signifi- 
cant (P < 0.01). The mean Z-score for forearm 
BMD in CD was — 1.12 (SD 0.78) and in UC was 



0.03 (SD 0.72) (P < 0.01). No patients had suf- 
fered from pathological fractures after diagnosis 
of IBD. 
Group 3. Long-standing disease. The criteria set for 
patient recruitment were disease duration from 
diagnosis 3 5 years and duration of steroid ther- 
apy 36 months. Twenty-eight patients with CD 
and 26 patients with UC were recruited in the 
study. The mean Z-score for spine BMD in CD 
was —1.36 (SD 0.81) and in UC was — 1.12 
(SD 0.57); P = NS. The mean Z-score for fore- 
arm BMD in CD was —1.24 (SD 1.12) and in 
UC was -1. 18 (SD 0.64), P = NS. Following 
the diagnosis of IBD, two patients with CD had 
suffered from vertebral collapse and one patient 
with CD from a fractured humerus after a fall. 
In CD, the correlation between the duration 
of disease and spine or forearm BMD Z-score 
is weak (r = —0.18, P < 0.05). There was no 
significant difference in the spine and forearm 
Z-scores between the three disease duration groups. 
In UC there is a significant inverse linear relation- 
ship between the duration of disease and spine BMD 
Z-score (r = —0.78, P < 0.001) and forearm BMD 
Z-score (r = —0.75, P < 0.001). There was no sig- 
nificant difference between newly diagnosed UC 
and UC of intermediate duration in their mean 
spine or forearm Z-scores (Fig 27.4a). However, 
both spine and forearm mean Z-scores (—1.12 (SD 
o . 5 7 ) and — 1 . 1 8 (SD0.64)) were significantly lower 
(P < 0.05) in long-standing UC than the corre- 
sponding Z-scores in newly diagnosed (0.27 (SD 
0.54) and 0.08 (SD 0.74)) or intermediate duration 
(—0.06 (SD 0.72) and 0.03 (SD 0.72)) UC, respec- 
tively. All patients had received systemic steroids, 
apart from the newly diagnosed IBDs. Cumula- 
tive steroid dose was inversely related to spine 
BMD (r = -0.66, P < 0.001) and forearm BMD 
(r = —0.70, P < 0.001) in UC. In CD, the corre- 
lation between cumulative steroid dose and spine 
and forearm BMD was weaker (spine r — 0.28, 
P < o. 01; forearm r = — 0.22, P < 0.05), and more 
obvious in the patients with long-standing disease. 
Therefore, in patients with disease duration be- 
tween 6 months and 4 years, the difference between 
CD and UC still persists, with only the former be- 
ing osteopenic as a group. There was no difference 
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Fig 27.4 (a) Spine Z-scores in 
inflammatory bowel disease 
(IBD) cohorts from Edinburgh 
with different disease 
durations. New, newly 
diagnosed, prior to therapy, 
intermediate and between 6 
months and 4 years; 
Long-standing, 5 years or more 
with steroid therapy for 6 
months or more. Both new and 
intermediate Crohn's disease 
(CD) patients had significantly 
lower mean bone mineral 
density (BMD) than ulcerative 
colitis (UC) patients, but no 
such difference could be 
detected in long-standing IBD 
patients, (b) Annual change in 
BMD as a percentage of 
baseline at different sites of 
measurements in IBD patients. 
A negative percentage indicates 
net bone loss. (Data adapted 
from Schulte et al. [55]). 
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between the mean spine or forearm Z-score between 
newly diagnosed patients and patients with interme- 
diate disease duration (Fig 17.4a), in spite of the lat- 
ter group receiving corticosteroid therapy. The me- 
dian duration of disease in the intermediate disease 
duration group was 3 years for both CD and UC. 
In our previous study [65], we had found no signifi- 
cant reduction in BMD following 1 year of systemic 



corticosteroid therapy. In patients with CD, it is 
likely that the osteopenic effects of systemic steroid 
therapy is counter-balanced by the improvement in 
disease activity upon treatment. In UC, although no 
significant difference was found between the two 
groups, the mean spine Z-score had changed from 
0.27 to —0.06, with a median cumulative steroid 
dose of 2.8 g. 
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In patients with long-standing IBD (median dis- 
ease duration 8 years for CD and 7 years for UC), 
there was no significant difference between CD and 
UC in their mean spine or forearm Z-scores. BMD 
Z-scores in long-standing UC patients were signif- 
icantly lower than that in newly diagnosed or in- 
termediate disease-duration UC patients. It is likely 
that this is the explanation for the lack of signif- 
icant difference in BMD between CD and UC pa- 
tients in the previous studies, which had all recruited 
patients with long-standing disease. In a tertiary re- 
ferral centre, patient cohorts recruited consecutively 
from clinics are likely to be biased towards long- 
standing complicated disease. 

In long-standing CD patients, the mean spine or 
forearm Z-scores were not significantly lower than 
that observed in newly diagnosed patients. Cumu- 
lative steroid dose was the most important factor 
related to low BMD in UC. Increased duration of 
disease was associated with increased cumulative 
steroid dose and was not an independent variable. 
The lack of significant difference between newly di- 
agnosed and intermediate disease duration IBD pa- 
tients suggested that the cumulative steroid dose had 
to exceed a certain threshold before resulting in sig- 
nificant bone loss. In CD, the interplay of factors 
leading to low BMD is more complex. A primary 
effect of the disease itself is important, as is evident 
in the newly diagnosed cohort. However, in a recent 
report, the BMD in recently diagnosed IBD patients 
was not significantly decreased compared with age- 
and gender-matched controls [70]. Our results are 
in agreement with a prospective Italian study on 54 
CD and 49 UC patients with a mean observation 
period of 21 months. BMD in CD patients was sta- 
ble, suggesting that low BMD was associated with 
the pathogenesis of CD. In contrast, BMD in UC 
patients decreased significantly, suggesting a corre- 
lation with corticosteroid therapy [71]. Schulte etal. 
[58] elegantly provided evidence for an increase in 
bone resorption in IBD patients (see Fig 27.3b) with 
low bone formation in patients on current corticos- 
teroid therapy. 

In a recent study, BMD was confirmed to be re- 
duced at diagnosis prior to corticosteroid therapy 
in both CD and UC patients as a result of increased 



bone resorption, illustrating the general point that 
inflammation per se is an important determinant of 
bone loss [72]. 

Osteopenia in children with IBD 

In children with IBD, retardation of growth and de- 
velopment is a serious problem, intensively investi- 
gated especially in patients with CD, but the effects 
of childhood-onset IBD on bone mineralisation also 
deserves attention. We have measured BMD in all 
children and teenagers currently under our care with 
IBD at this referral centre for IBD management. We 
compared the results with that in adults with IBD 
who were well matched as to other aspects of disease 
characteristics. 

Twenty-two children with CD (10 male and 12 
female) and 13 children with UC (6 male and 7 fe- 
male) were included in the study. The median age 
was 15 (range 12-18) years. During the last 5 years 
we have measured BMD and collected clinical in- 
formation in 213 adults with IBD. From this series, 
each child or adolescent was matched with one adult 
patient with IBD aged between 21 and 45 years (me- 
dian age 32 years) of the same sex, who had simi- 
lar anatomy of disease (ileal, colonic or ileocolonic) 
and similar disease duration (±2 months) and life- 
time steroid use (±o.25g). In none of the adults 
was the disease onset in childhood. Each patient 
had their height measured without shoes and weight 
recorded in light clothes. Each of the patients com- 
pleted a structured clinical assessment. Smoking sta- 
tus was recorded as non-smoker, ex-smoker or cur- 
rent smoker with the average number of cigarettes 
per day and duration of smoking quantified. Men- 
strual history including age of onset of menarche 
and use of oral contraceptive pill were recorded. 
Secondary sexual characteristics indicating puber- 
tal status was assessed by genital development and 
pubic hair in boys (stage 1-5), and breast develop- 
ment and pubic hair in girls (stage 1-5 ) according to 
standard ratings. Each patient was then classified as: 
(i) pre-pubertal; (ii) early puberty; (iii) sexually ma- 
ture, so that male and female patients could be 
grouped together. Bone age was assessed from a ra- 
diograph of the left wrist and hand (Greulich and 
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Fig 27.5 Spine Z-score in 
children and adolescents with 
inflammatory bowel disease 
(IBD) from Edinburgh, 
compared with disease- 
matched adults. BA: bone age; 
CA: chronological age. 
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Pyle). All radiographs were reported by a single, ex- 
perienced radiologist. 

The mean spine Z-score for children with CD 
was —2.75 (SD 0.87). This was significantly lower 
than in matched adults with CD (mean Z-score 
— 1.06, SD 0.97; P < 0.01). Children with UC had a 
significantly greater (P < 0.02) spine Z-score (mean 
— 1. 14, SD 0.47) than children with CD. The mean 
spine Z-score in matched UC adults was 0.01 (SD 

0.75) (Fig 2.7-5)- 

Radiological bone age in four patients with CD 
was 2.1-3 years below; in nine patients was 1.1-2 
years below; and in nine patients was 0.6-1 years 
below chronological ages. All patients with UC had 
the same radiological bone age as their chronologi- 
cal age. Calculating spine Z-scores by using the radi- 
ological bone age instead of the chronological bone 
age gave a mean Z-score of —2.29 (SD 0.83) in chil- 
dren with CD, still significantly lower than adult 
patients (P < 0.02) (Fig 27.5). 

Marked developmental delay was present in 
13/22 patients with CD and in none with UC. Pre- 
pubertal patients had the lowest spine Z-scores, 
but the difference between pre-pubertal, early pu- 
bertal and sexually mature patients was not statis- 
tically significant. However, the 13 patients with 
marked developmental delay had a significantly 
lower (P < 0.05) mean spine Z-score (—3.44, 



SD 0.66) compared to the remaining nine patients 
with CD (mean Z-score —2.58, SD 0.98). When 
the BMD Z-scores were recalculated using radi- 
ological bone age, the difference between those 
with developmental delay and others was no longer 
significant. 

Height retardation was common in patients with 
CD, and there was a significant correlation be- 
tween height centiles and spine Z-scores (r = 0.75, 
P < o. 001). Body weight was less than 3rd centile in 
6 out of 22, and between 3 and 25 centile in 10 out 
of 22 patients with CD. There was no correlation be- 
tween weight centiles and spine Z-scores. When the 
spine Z-scores were recalculated using radiological 
bone age instead of chronological age, similar re- 
sults were obtained. The correlation between height 
centiles and spine Z-scores calculated by radiologi- 
cal bone age was r = 0.68 (P < 0.01). None of the 
patients with UC was height-retarded. 

The degree of osteopenia in this cohort of chil- 
dren with IBD, particularly CD recruited from a 
tertiary care centre, is worrying. Vertebral collapse 
and loss in height were seen in four out of 3 5 pa- 
tients, testifying to the potentially devastating ef- 
fect of osteopenia in this age group (Fig zy.6a,b). 
Growing bones are metabolically very active and 
it is possible that these are susceptible to multiple 
metabolic influences. Lack of physical activity due 
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Fig 27.6 (a) Lateral radiograph of the lumbar spine showing vertebral collapse, loss of height and osteopenia in a 
15-year-old boy with complicated Crohn's disease. Back pain was a prominent symptom; (b) a photograph of the same 
patient showing marked lordosis, muscle wasting and an ileostomy. 



to hospitalisation and to symptoms of IBD may con- 
tribute to low bone density, as there was a marked 
reduction in physical activity grade at the time 
of study compared to pre-morbid level of activity. 
Issenman et al. [73] reported low bone density in 
paediatric CD compared with normal children, al- 
though the difference was less when compared with 
height-matched controls. Our study shows that os- 
teopenia in children with CD is significantly more 
severe than in adults with CD even when matched 
according to other disease characteristics, and the 
mean spine Z-score is well below 2 SD of normal 



children data. The degree of osteopenia is very likely 
to increase pathological fractures, although this was 
obvious in only two children. Other groups have 
also reported that low BMD occurs more frequently 
in children with CD than in UC [74, 75]. 

Growth and sexual development are obviously 
important factors related to bone density in chil- 
dren with IBD. Height retardation was significantly 
related to osteopenia, and was a specific feature of 
CD. Although it is possible that smaller adolescents 
require less strong bones to carry their weight, no 
such effect was detectable for body weight alone. 
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Height retardation is related to growth delay, but 
recalculating Z-scores by radiological bone ages still 
showed a significant relation with height centiles. 
IGF- 1 is a major regulator of bone growth dur- 
ing childhood and influences longitudinal growth. 
A recent study in healthy white children and ado- 
lescents suggests that IGF-I is a major determinant 
of the cross-sectional properties of bone, but does 
not influence the BMD [76]. The relationship be- 
tween IGF-I signalling and bone turnover is complex 

[77l 

Severe osteopenia should now be regarded as an- 
other feature of childhood CD, along with growth 
and developmental delay. In the most severely af- 
fected, it may lead to vertebral collapse, chronic 
back pain and loss in height, further aggravating 
the considerable morbidity in this group of patients. 
UC children and adolescents are far less seriously af- 
fected. This again highlights the difference between 
the systemic inflammation in CD and predominantly 
mucosal inflammation in UC, and a similar differ- 
ence in morbidity can be seen in growth and devel- 
opmental delay. For reasons mentioned above, ra- 
diological bone age requires monitoring in children 
and adolescents to fully determine the effect of IBD 
on the growing bone. Currently, recording of radi- 
ological bone age is widely neglected [78]. 

Management of osteopenia in IBD 

Osteoporosis is far better prevented than reversed. 
Prevention relies on recognition of the problem. Cer- 
tain general measures have some evidence in favour 
of improved bone density in the normal popula- 
tion, but usually not in IBD patients. Nevertheless, 
the following would be sensible advice to follow: 
(i) regular weight-bearing exercise [79], walking be- 
ing the easiest, and walking also improves psycho- 
logical and physical measures in CD [80]; (ii) use 
of steroids with low systemic availability such as 
budesonide may not necessarily be safer than con- 
ventional steroids; (hi) limitation of corticosteroid 
use, if necessary by the use of immunosuppressives 
and anti-TNF therapy; even low doses or short 
(2-month) courses [81] of corticosteroids are not 
safe; (iv) encouragement of adequate calcium and 
vitamin D intake; (v) discouragement of smoking; 



Table 27.4 Patients who may be considered to be at high 
risk of osteopenia. 

Oestrogen deficiency before the age of 45 

Amenorrhoea for more than 1 year 

Long-term use of corticosteroids 

7.5 mg prednisolone: 3 months + low BMD 

Cumulative steroid dose >io g 

Children <i8 years (and below) 



and (vi) test for frank vitamin D deficiency, which 
may occur in CD, regardless of macroscopic site of 
involvement [82]. However, as progressive bone loss 
is not the rule, and the rate of bone loss is variable 
and quite small [55], active pharmacological inter- 
vention in all IBD patients is currently not necessary. 
Certain groups of IBD patients should be considered 
at high risk of osteopenia and they are listed in Ta- 
ble 27.4. The pharmacological strategies to increase 
BMD in these patients may be sub-divided into 
those agents that reduce bone resorption and those 
agents that stimulate bone formation. The pharma- 
cological agents that reduce bone resorption are: 
(i) oestrogens; (ii) bisphosphonates; (iii) calcitonin; 
(iv) vitamin D; and (v) raloxifene, an oestrogen re- 
ceptor modulator. The pharmacological agents that 
stimulate bone formation are: (i) fluoride; (ii) PTH 
peptides; (iii) and strontium. Recently, the British 
Society of Gastroenterology (BSG) [83] has pub- 
lished the guidelines for the management of osteo- 
porosis in IBD. It recommends 800 units of vitamin 
D daily in all patients who are on systemic steroids, 
and bisphosphonates for those with T-score less 
than or equal to —1.5. All patients with fragility 
fractures should be considered for hormone replace- 
ment therapy (HRT), bisphosphonates or calcitonin. 
However, the evidence base for many of the recom- 
mendations is not derived from IBD patients, and 
extrapolation from other diseases may not be ap- 
propriate. IBD patients with established osteoporo- 
sis or patients in high-risk groups may be consid- 
ered for intervention with medications to improve 
BMD. Oestrogens in post-menopausal women [84] 
and low-dose vitamin D [85] have been shown to 
be effective in IBD patients. Vitamin K deficiency is 
also associated with osteopenia in IBD [86] but no 
interventional studies have been performed. The use 



354 CHAPTER 27 



of bisphosphonates is probably safe, but definitive 
trials are awaited. In the first published report of the 
use of 10 mg/day alendronate, lumbar BMD was 
increased in inactive Crohn's disease patients, and 
the drug was safe and well-tolerated [87]. In ran- 
domised, controlled studies both intravenous iban- 
dronate [88] and pamidronate [89] with vitamin 
D/calcium administered every 3 months were well 
tolerated and effective in increasing lumbar and hip 
BMD. Fluoride may increase BMD, but the resul- 
tant bone may be more fragile and prone to frac- 
tures [90]. The BSG recommends measurement of 
serum testosterone in osteoporotic men aged be- 
low 55 years and replacement if low; however, 
treatment of active inflammation effectively alone 
may restore plasma testosterone to normal. A small 
study concluded that dihydroepiandrosterone sul- 
fate (DHEAS) deficiency might contribute to bone 
loss in men with IBD [91]. Men aged above 5 5 years 
and post-menopausal women have been specifically 
targeted in the BSG recommendations, although it is 
increasingly becoming clear that children and ado- 
lescents may be a specific high-risk group. Table 27. 5 
summarises a pragmatic approach to the investiga- 
tion of bone disease in IBD. 

The therapeutic efficacy of bisphosphonates and 
calcitonin in glucocorticoid-induced osteoporosis 
may be in part due to their ability to prevent 
osteocyte and osteoblast apoptosis [92], caused by 



Table 27.5 Assessment of bone density and metabolism in 
inflammatory bowel disease. 

BMD by DEXA at diagnosis in CD patients, and in a 

high-risk group (see Table 27.4) 
DEXA every 2-3 years in an average risk group (not 

required in UC patients not requiring systemic 

steroids and not osteopenic at baseline) 
DEXA every year in a high-risk group (see Table 27.4) 
Bone formation and resorption markers not routinely 

necessary 
Plasma calcium, alkaline phos, 25-OH-vitamin D at 

diagnosis and yearly in CD patients 
Lumbar spine radiograph only in patients with back 

pain as a prominent symptom 
Record of cumulative steroid use 

BMD: bone mineral density; DEXA: dual energy X-ray absorp- 
tiometry. 



glucocorticoids. However, of particular relevance to 
IBD is the report from early rheumatoid arthritis pa- 
tients [93] that treatment with alendronate can re- 
duce IL-i, TNF-ct, IL-6 and Pi-micro-globulin and 
decrease urinary cross links and urinary hydrox- 
yproline. The use of budesonide in distal ileal CD 
is associated with less suppression of plasma osteo- 
calcin than prednisolone, but budesonide is associ- 
ated with bone loss as well. All high-risk patients 
should be on calcium and vitamin D supplements; 
post-menopausal women should either have oestro- 
gen as well as, or instead of, these. Recent adverse 
publicity regarding oestrogen is increasingly mak- 
ing it an unpopular choice. It is associated with in- 
creased risk of venous thromboembolic and breast 
cancer. Strontium ranelate is a new drug recently 
launched for treatment of post-menopausal osteo- 
porosis. As it increases bone formation (unlike bis- 
phosphonates) and reduces bone resorption, it may 
be ideally suited for treatment of osteopenia in IBD 
from a scientific standpoint. It is also relatively in- 
expensive, safe and easy to use. It is administered 
orally once daily as a powder mixed with water and 
is palatable. However, unless studies are carried out 
specifically in IBD patients its use is unlikely to be 
accepted by the doctors treating such patients [94]. 
Teriparatide, recombinant parathyroid hormone, is 
only used under expert supervision. It is important 
to realise that bone loss cannot be explained by cor- 
ticosteroid use alone. Schulte et al. [55] reported 
only a small change in bone density over 568 ± 60 
days follow-up period (Fig 27.4b). Bone loss was 
significantly higher in patients with steroids than in 
those without steroids at the femoral neck and Ward 
triangle, but not at the spine and total body. Genetic 
factors too may be relevant. However, it is impor- 
tant to control inflammatory activity effectively, as 
BMD improves during remission in IBD [95]. 

Currently, only a minority of even high-risk pa- 
tients are on appropriate therapy for protection of 
bones and prevention of fractures - in the GPRD 
fracture study referred to previously [62], only 13 % 
of patients who had already sustained a fracture 
(and therefore at high risk of suffering from fur- 
ther fractures) were on any form of osteoprotective 
therapy. Physician and patient education is critically 
important and in the United Kingdom the National 
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Association of Colitis and Crohn's disease (NACC) 
have published patient information material specif- 
ically related to bone problems in IBD. 

Conclusion 

Osteopenia in IBD is multi-factorial, with corticos- 
teroid use being the most relevant determinant in UC 
and inflammatory activity being the most important 
determinant in CD. The rate of bone loss is variable 
and quite small in the majority of patients [96] and 
hence universal treatment with agents that improve 
BMD may be unnecessary. All patients should be 
encouraged to take adequate calcium and vitamin 
D (IBD patients often self-refrain from milk), ex- 
ercise regularly and stop smoking. Patients at high 
risk or those with established osteoporosis should 
receive pharmacological intervention, although the 
ideal agent is yet to be determined. Bisphosphonates 
are currently the agent of choice and in patients with 
significant small intestinal absorption defects, may 
be administered intravenously. The real challenge 
is to decide when anti-inflammatory therapy is not 
enough to halt bone loss and specific pharmaco- 
logical measures to reduce bone loss are necessary. 
Patient groups at high risk need to be defined pre- 
cisely. Children are included in the high-risk group. 
The recent availability of data regarding fractures 
in IBD patients would help in the decision-making 
process. The risk of osteopenia is a major factor in 
the increasing trend to limit corticosteroid use in 
IBD patients in favour of a disease-modifying ther- 
apy. More powerful and effective anti-inflammatory 
therapy such as infliximab may reduce the impact of 
disease on bone loss and early evidence would be in 
support. 
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Introduction 

Inflammatory bowel disease (IBD) often affects 
young patients who wish to have children. They ask 
whether IBD will affect their fertility, whether they 
can transmit the disease to their children, whether 
there are any specific risks during pregnancy and 
whether the drugs are safe for the foetus. The clin- 
ician has to admit that the answers provided and 
clinical decisions are usually based on observational 
studies, which are vulnerable to bias, confounding 
and of low statistical precision because of the low 
frequency of adverse birth outcomes. 



Fertility 

The fertility of subjects with IBD is usually normal 
[1-3]. However, infertility problems are more fre- 
quent in women with active Crohn's disease (CD) 
and in those who have undergone surgery for IBD, 
especially proctocolectomy with ileoanal anastomo- 
sis (IPAA). Tubal infertility can occur in women 
with CD who also have extensive adhesions. It is 
now clear that IPAA significantly reduces fertility 
in women, although it does not suppress it [4-8]. 
The two most methodologically sound studies come 
from Scandinavia [4, 6]. The first study assessed 
237 women who had undergone IPAA for ulcera- 
tive colitis (UC) and compared the observed num- 
ber of births with the number expected. The num- 
ber of births from the onset of UC to colectomy 
was not significantly decreased; however, during 
the 12 months after ileostomy closure until data 



collection the patients reported only 34 deliveries, 
compared with an expected of 69 (P < 0.001) [4]. 
The second study followed-up 290 women with 
IPAA and compared them with 66 women in a ref- 
erence population. Fecundity was found to be nor- 
mal before IPAA and reduced by 80% after this 
surgical procedure [6] (Fig 28.1). The mechanism 
probably involves the formation of adhesion and 
blockage of the fallopian tubes. Oresland et al. [9] 
studied 21 women after IPAA and reported that al- 
though physical examination was normal in 20, hys- 
terosalpingography was abnormal in 14/21 (67%). 
Dyspareunia occurs between 20 and 38% after 
IPAA [1, 6]; however series have shown that sex- 
ual desire, coitus frequency and the ability to ex- 
perience orgasm are maintained or improved [10]. 
Women with UC who need surgery should be in- 
formed of the risk of decreased fecundability after 
IPAA; some physicians advise ileorectal anastomo- 
sis in young women wishing to conceive; research 
should be carried out to establish preventive treat- 
ments, especially if laparoscopic surgery carries a 
lower risk or if anti-adhesive gels may be effective 
[8]. 

Some authors have suggested that the fertility of 
men with IBD may be reduced, but this is doubt- 
ful [1, 2]. Men treated with sulphasalazine have de- 
creased fertility and more than 80% have semen ab- 
normalities [1, 2]. The sulphapyridine moiety of the 
drug is responsible for this adverse event, and recov- 
ery of the sperm characteristics as well as a return to 
fertility is observed when sulphasalazine is replaced 
with 5 -ASA [1, 2]. 
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Fig 28.1 Cumulative incidence of pregnancy within 5 years. Patients and reference population. 

The fecundability levels of women with UC were equal to or slightly higher than those seen in the reference group up to 
the time of surgery (before diagnosis, FR 1.46, P = 0.002; before colectomy, FR 1.01, P = NS) but very low (FR 0.20, P < 
0.0001) after IPAA. Taken from Ording Olsen K et al. [6] and reproduced with the permission of the authors and editors. 



Transmission of IBD 

The risk of IBD among the offspring of patients is 
2-13 times higher than the risk within the general 
population [11]. When only one parent is affected, 
the risk of transmission of IBD to the child is about 
1.5-3.5% t 11 ]- When both parents are affected, the 
risk was shown to be around 32-36% in two series 
including 16 and 25 couples (33 and 54 children) 
[", 13]- 



Effect of IBD on pregnancy 

Miscarriage and foetal loss 

Miscarriage is more frequent in women with IBD, 
especially when the disease is active (up to 35% 
of conceptions) [1, 2, 14-17]. The natural risk of 
foetal loss after 16 weeks is around 1% and it is 
not demonstrated that this is higher than in the gen- 
eral population. A short series suggested that active 
CD at the time of conception significantly increased 
this risk [16]. In a cohort study using registries in 



Denmark, the risk was increased in patients with UC 
who received mesalazine and corticosteroids (OR 
6.4, CI 95% 1.7-24.9) [17]. The respective role of 
the disease and of the drug could not be established. 

Prematurity and low birth weight 

CD and UC increase the risks of pre-term birth [1, 
2, 14-22]). The relative risk is usually between 1.5 
and 3 and the absolute risk between 7 and 16% [14- 
22]. CD has repeatedly shown to increase the risk of 
low birth weight (relative risk 1.5-3.5) [ I 4 _2 °] 5 t> ut 
this was observed in only one recent study in patients 
with UC [ 2 1 ] . Fonager et al. [ 1 5 ] conducted a histor- 
ical registry-based study with linkage between the 
Danish National Registry of Patients and the Dan- 
ish Medical Birth Registry. The study included 510 
newborns of mothers with CD and 3018 controls. 
The risk of prematurity was 7.3% versus 4.8% in 
controls and that of birth weight less than 2500 g 
was 10.4% versus 4.7%. The average birth weight 
of the newborns of mothers with CD was 1 8 5 g less 
than expected for primi-paras, and 134 g less than 
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Fig 28.2 Distribution of birth weights of babies born to mothers with Crohn's disease (n = 510) and babies born to a 
control group of healthy mothers (n = 3018). Taken from Fonager et al. [15] and reprinted with the permission of the 
authors and the American College of Gastroenterology. 



expected for multi-paras (Fig 28.2). A Canadian se- 
ries [18] compared the charts of 65 women with qui- 
escent CD at the start of pregnancy with matched 
controls. Low birth weight was more frequent in 
CD as well as small-for-gestational-age births. Mul- 
tivariate analysis showed that ileal CD was a signifi- 
cant independent predictor, and that previous bowel 
resection was close to statistical significance. 

These complications may be multi-factorial. Ex- 
perts usually advise smoking cessation, careful mon- 
itoring of pregnancy, especially in the third trimester, 
rest and proper treatment of the IBD. 

Risk of congenital malformations 

The risk of malformations in the general population 
is between 1 and 4.8%. It has not been found to be 
increased in patients with IBD [1, 2, 14-19], except 
in two studies [20, 23]. In the study by Dominitz 
et al. [20], conducted in Washington State, eight 
cases of malformation were observed in 107 foe- 
tuses born to women with UC (7.9%). In a recent 
case-control study using the Hungarian case control 
surveillance of congenital abnormalities register, the 



risk of having UC was 0.3% (n = 71) in the mal- 
formation group versus 0.2% in the group without 
malformations (NS); however limb deficiencies, ob- 
structive urinary congenital abnormalities and mul- 
tiple congenital abnormalities were more frequent 
in the UC group [23]. Whether the increase in these 
rare different malformations is real should be estab- 
lished in future studies. 



Influence of pregnancy on the 
course of IBD 

During pregnancy 

It seems likely (and is usually accepted) that IBD 
activity at conception influences the risk of activity 
during pregnancy [2, 22]. Series have reported that 
the risk of relapse during pregnancy was about 20- 
25% when UC or CD is inactive at conception, and 
at least 50% when the disease is active at concep- 
tion [2, 1 8]. Women with IBD should thus be told to 
avoid conceiving during an acute phase of the dis- 
ease. Studies assessing the efficacy of treatments for 
acute IBD during pregnancy are lacking. 
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After pregnancy 

Pregnancy does not seem to significantly influence 
the clinical course of IBD. Two observational stud- 
ies suggested that it may decrease the activity of 
IBD and discussed potential mechanisms [24, 25]. 
Nwokolo et al. [24] observed that the need for fur- 
ther surgical resection in 88 parous women with CD 
was reduced with increasing parity. Castiglione etal. 
[25] studied 18 women with CD (29 pregnancies) 
and 19 women with UC (25 pregnancies) and re- 
ported that their relapse rate was lower during the 
3 years after pregnancy than in the 3 years before 
pregnancy. This might be due to modifications of the 
immune response induced by pregnancy [1, 25]. 



Assessment of disease activity in 
pregnant women 

Sigmoidoscopy and colonoscopy do not seem to in- 
duce labour or result in congenital malformations. 
Foetal monitoring is usually not indicated [26]. 
Their use should only be considered when they are 
likely to influence an important medical or surgi- 
cal decision. Non- urgent radiological testing using 
X-rays should be avoided. The most sensitive period 
for central nervous system teratogenesis is between 
10 and 17 weeks of gestation. Magnetic resonance 
imaging can be performed. 



Safety of drugs 

Nearly all the drugs used to treat IBD cross the 
placenta. Some of them (especially immunosuppres- 
sive agents) draw attention as they may be muta- 
genic and/or fetotoxic at certain doses in pre-clinical 
studies. 



Corticosteroids 

Prednisone and prednisolone can be used in preg- 
nant women exactly as in non-pregnant women 
[2, 27, 28]. High-dose corticosteroids cause cleft 
palate in rodents [28], and a meta-analysis of human 
trials suggested that this might also be the case in 
humans [29]. However, this conclusion of the meta- 



analysis is not widely accepted as it was based on 
a subgroup of studies with insufficient quality [1]. 
The placenta metabolises prednisone, and the foe- 
tus is exposed to only 10% of the maternal dose 
[ 1 ] . The placental metabolism of betamethasone and 
dexamethasone is lower, and these corticosteroids 
can cause adrenal suppression in the newborn. In- 
haled budesonide did not increase the risk of malfor- 
mations in large series of infants whose mothers had 
received this treatment for asthma during pregnancy 
[30]. Budesonide with enteric delivery is probably as 
safe but has not been assessed in this regard. 

Sulphasalazine and 5-aminosalicylic acid (5-ASA) 

Numerous studies showed that sulphasalazine and 
5-ASA at doses below 3 g/day do not increase 
the risk of birth defects [2, 22, 28, 31, 32]. Sul- 
phasalazine may induce folate deficiency, which is 
a well-established cause of neural tube defects. Fo- 
late supplementation should, therefore, be taken by 
women on sulphasalazine, before and during preg- 
nancy. In a prospective study [31] in Toronto, 165 
women with IBD exposed to 5-ASA during preg- 
nancy were compared with a control group without 
IBD. There was no increase in major malformations 
(0.8% on 5-ASA vs 3.8% among controls). How- 
ever, there was a significant increase in the rate of 
pre-term deliveries (13% in the IBD group vs 4.7% 
in controls), lesser mean maternal weight gain dur- 
ing pregnancy, and a lower mean birth weight. This 
effect is likely to be due to the disease, although 
a role for the drug cannot be excluded. Norgard 
et al. conducted a Danish cohort study based on Pre- 
scription, Birth, and Hospital Discharge Registries 
[17]. Outcomes of 88 pregnancies exposed during 
the entire pregnancy were compared with those of 
19,418 pregnancies in which no drugs were pre- 
scribed. Odds ratios for stillbirth and pre-term birth 
in women who were prescribed 5-ASA were 6.4 
(1.7-24.9), 1.9 (0.9-3 .9), respectively. They were in- 
creased only in patients with UC. It was not possible 
to distinguish the specific effects of disease activity 
and drugs. The risk of malformation was not in- 
creased. The safety of large doses of 5-ASA during 
pregnancy is poorly known, but was questioned in 
1994 when Colombel et al. reported a case of severe 



364 CHAPTER zi 



foetal nephropathy [33] in which the mother had 
taken 4 g/day 5 -ASA during the period correspond- 
ing to foetal nephrogenesis. The boy recovered and 
no other case has been reported since. In our series 
of 37 women receiving at least 3 g/day 5 -ASA, we 
observed no renal toxicity [1]. 

It is thus usually recommended that alternative 
treatments should be used preferentially to high 
doses of 5 -ASA and to use sonographic monitoring 
of the foetal kidneys if high doses are nonetheless 
administered. 

Antibiotics and probiotics 

Short-course metronidazole (7-10 days) has been 
shown to be safe in pregnant women [34], but 
the safety of longer treatments is unknown. The 
quinolones are contraindicated in pregnancy, given 
the musculo-skeletual aformalities associated with 
these medications in immature animals [35]. 

Azathioprine and 6-mercaptopurine (6-MP) 

Azathioprine and 6-MP at doses 10-30 times higher 
than the dose usually used to treat IBD have been 
found to cause malformations, foetal loss, and im- 
munosuppression in animals [2, 27, 36, 37]. A de- 
creased number of live births was observed in three 
successive generations of mice that had been ex- 
posed to 6-MP [3 8]. Chromosomal aberrations have 
been noted in three infants exposed to azathioprine 
in utero. Infantile immunosuppression has also been 
reported in humans. The most severe cases consisted 
of foetal athymia, lymphopenia and immune defi- 
ciency. Two of five such children were stillborn, an- 
other two died after a few days of life, and the fifth 
had lymphopenia and low immunoglobulin levels, 
which resolved after 15 weeks of life (see [37]). 

Nevertheless, azathioprine has been used by 
many pregnant women with renal allografts or to 
treat systemic lupus erythematosus or IBD [28, 61]. 
From 700 published case reports, Roubenoff et al. 
[27] calculated that the rate of congenital malforma- 
tions in foetuses exposed to azathioprine was 4.3%. 
The outcome of pregnancy in series of patients who 
had received azathioprine for IBD is usually unre- 
markable. The largest series included 79 women 
and 76 men (325 pregnancies) [39]. There was no 



statistical difference in spontaneous abortion, mal- 
formations, infections or neoplasia among patients 
taking 6-MP before or during pregnancy compared 
with controls not taking 6-MP. In a Danish co- 
hort study based on data from a population-based 
prescription registry, n women exposed to purine 
analogues were compared to 19,418 pregnancies 
in which no drugs were prescribed [40]. The risks 
of malformations and peri-natal mortality were in- 
creased (OR 6.7 and 20.0 respectively). The low 
number of cases limits the interpretation of these re- 
sults. A group from New York assessed the compli- 
cations of pregnancy and child development when 
mothers had stopped 6-MP before conception [36]. 
Patients who were taking 6-MP at the time of con- 
ception and those who took 6-MP after conception 
were excluded. Twenty-nine patients had 72 preg- 
nancies after 6-MP cessation and results were com- 
pared to that of a historical group of 75 women with 
IBD who had not received 6-MP and had 140 preg- 
nancies. There was greater foetal loss in the 6-MP 
cessation group (29.2% vs 14.3%) and 2 chromo- 
somal aberrations (trisomy 22 and mosaicism). The 
authors speculated that 6-MP given prior to preg- 
nancy might have caused chromosomal aberrations 
in ova leading to increased incidence of abortion. 
The evidence from this study is, however, limited by 
comparison to a historical group [36]. One inter- 
pretation could be that stopping the drug does not 
affect a risk. 

In summary, the risks associated with azathio- 
prine and 6-MP are low and statistically not certain. 
If a women receiving azathioprine becomes preg- 
nant, azathioprine can be maintained (if the indi- 
cation is correct), but foetal growth and the mater- 
nal leukocyte count should be monitored. Davison 
et al. [41] reported that maternal leukocyte counts 
at week 3 2 of pregnancy correlated with leukocyte 
suppression in the neonate and proposed to half the 
azathioprine dose at 3 2 weeks of pregnancy when- 
ever the maternal leukocyte count was below the 
iSD band for normal pregnancy. 

Methotrexate and mycophenolate mofetil 

Methotrexate is strictly contra-indicated both for 
men and women who plan parenthood as it is highly 
teratogenic in animals and humans, and causes 
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chromosomal damage and miscarriage [28]. Analy- 
sis of series involving more than 350 patients shows 
that the risk of foetal malformation is not increased 
when methotrexate is stopped more than 1 year be- 
fore conception [28]. Mycophenolate is also terato- 
genic and contra-indicated [42]. 

Ciclosporine 

Ciclosporine can be used to treat fulminant colitis 
during pregnancy [43]. It is not teratogenic. How- 
ever, a high dose of 25 mg/kg day caused renal tubule 
damage in the foetal rat [44]. Close monitoring of 
arterial pressure, serum creatinine and ciclosporine 
blood levels is needed. 

Anti-TNF antibodies 

Information is still very limited and found only in 
abstracts. Katz etal. [45] reported cases mentioning 
pregnancy in the safety database for infliximab. One 
hundred and thirty-three pregnancies were identi- 
fied in women with CD or rheumatoid arthritis 
treated with infliximab; 74 cases were exposed in 
the 3 months before conception and 3 3 both before 
and in the 3 months after conception. Among the 
65 documented pregnancies, live births occurred in 
65%, miscarriages in 17% and therapeutic termi- 
nation in 22%. Of the 26 live births, 2 infants were 
delivered with complications to mothers with CD. 
The authors considered that these results were con- 
sistent with those in a national cohort of healthy 
women and that inadvertent exposure to infliximab 
during pregnancy was safe. Six cases of intentional 
use of regular infusions of infliximab in pregnant 
women for maintenance of acute CD confirmed this 
safety [46]. 

Other drugs 

Thalidomide is strictly contra-indicated in patients 
of both genders wishing to conceive, as it is highly 
teratogenic in humans [28]. 

Delivery 

The question is whether subgroups of women with 
IBD need a caesarean section to prevent the occur- 



rence or aggravation of perineal disease and/or anal 
incontinence general population elective. 

Mode of delivery in women with perineal CD 

Post-episiotomy rectovaginal fistulae have been de- 
scribed in patients with CD [1]. Active perianal 
disease at delivery is an indication for caesarean 
section. In contrast, for women with either no his- 
tory of perianal disease or inactive perianal disease, 
the risk of perianal disease relapse and the need 
for preventive caesarean section are controversial. 
A questionnaire-based series from New York series 
[47] involved 80 women with CD who were free 
of pre-existing perineal involvement and who had 
had a total of 179 pregnancies. The rate of perineal 
involvement after vaginal delivery, usually with epi- 
siotomy, was 17.9%. In other series [48] the mode 
of delivery did not influence the risk of perineal dis- 
ease. In a series from Manitoba, perianal symptoms 
always worsened post-partum in the 1 5 women who 
had active perianal disease before delivery [49]. In 
contrast, the 1 1 women with inactive perianal dis- 
ease at delivery had no relapse of perianal disease 
during 1 year of follow-up post-partum, and in the 
39 vaginal deliveries of women without perianal dis- 
ease, only one case of perianal disease occurred dur- 
ing 1 year of post-partum follow-up [49]. 

Delivery in women with IPAA 

Several consecutive studies in the large series women 
with IPAA followed at the Mayo Clinic in Rochester 
concluded that vaginal delivery, multiple births, the 
length of labour and birth weight had no permanent 
adverse effects on subsequent pouch function [50- 
52]. The method of delivery should be dictated by 
obstetrical considerations. 



Invasive treatments: surgery and 
artificial nutrition 

Surgery may be needed during pregnancy for the 
acute complications of IBD, such as intestinal ob- 
struction and fulminant colitis. There is an increased 
risk of miscarriage and foetal loss. Abscesses occur- 
ring in pregnant patients with CD should be treated 
as in non-pregnant women, i.e. by removal of the 
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source of the sepsis and exteriorisation of the bowel 
ends [53, 54]. Blowhole colostomy and ileostomy 
may be recommended to avoid the specific difficul- 
ties of managing a rectosigmoid stump and of the 
dissection below the retroperitoneal reflexion [54]. 
Short series suggest that enteral feeding is safe 
during pregnancy [55]. If total parenteral nutrition 
is indicated, the use of fat emulsions should be lim- 
ited, as they can theoretically cause fat embolisation 
to the placenta [1]. 



Breastfeeding 

Breastfeeding is recommended in the general popu- 
lation and studies suggested that subjects who were 
breastfed have a decreased risk of CD [56-58], al- 
though data onUC are contradictory [56-58]. How- 
ever, nearly all drugs used to treat IBD are excreted 
in breast milk. 

It is usually considered that prednisone and pred- 
nisolone can be used during breastfeeding [37]. 
Some physicians recommend that mothers on doses 
above 20 mg/day wait at least 4 h before nursing 
[37^ 59]- Some clinicians do not use immunosup- 
pressants during the period of breastfeeding, be- 
cause of the theoretical risk of immune suppres- 
sion in the baby (cytopenia and carcinogenesis) [57]. 
Quinolones are contraindicated because of their 
toxic effects on joints when given to young animals 
[60]. As only very low doses of loperamide are se- 
creted in milk, this drug can be used by breastfeeding 
mothers [61]. 



Drugs for fathers with IBD at the time 
of conception 

Little is known about the safety of drugs in men who 
are planning to have children, and small series may 
probably be biased. Sulphasalazine may decrease 
fertility due to semen abnormalities but 5 -ASA does 
not [1, 2]. The safety of azathioprine and 6-MP for 
fathers has recently been questioned, but the evi- 
dence is still minimal. A series from New York in- 
cluding 13 pregnancies conceived within 3 months 
of 6-MP use by the father versus controls suggested 
that pregnancy-related complications might be sig- 
nificantly increased by the treatment (2 spontaneous 



abortions and 2 malformations) [62]. No significant 
increase in the risk of congenital abnormalities was 
found in a Danish population-based cohort study 
on 54 exposed pregnancies [63]. No increase in the 
risk was also noticed in the series by Francella from 
New York [39]. 
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29: Can prognosis of ulcerative colitis be predicted? 

Robert Hilsden and Lloyd Sutherland 



Introduction 

Experienced clinicians will be able to predict the 
clinical course of many patients. They will recog- 
nise that patients with limited disease do better than 
those with extensive colitis. They will recognise that 
many patients will eventually come to colectomy, 
but only rarely will a patient die from their ulcerative 
colitis. Prognostic studies seek to codify these clini- 
cal impressions, such that they can provide useful in- 
formation to guide care of those with ulcerative coli- 
tis and inform those suffering from the disease. Table 
29.1 provides an overview of the prognosis of ulcer- 
ative colitis based on findings consistently report- 
edly by well-designed, population-based studies. 



Natural history 

The natural history of untreated ulcerative coli- 
tis has not been systematically studied. Inferences 
about the natural history of ulcerative colitis have 
been made based on the experiences of patients al- 
located to the placebo arm of randomised clinical 
trials [1-4]. However, placebo-treated patients are 
likely to be a poor proxy for establishing the natu- 
ral history of ulcerative colitis for several reasons. 
First, those recruited into clinical trials are a se- 
lect group and are unlikely to be representative of 
all those with ulcerative colitis. Second, the natu- 
ral history of the disease is only one component of 
the response seen in placebo-treated patients. The 
'placebo-response' and the effects of other com- 
ponents of a clinical trial (frequent clinic visits) 
also play a role. Third, patients in clinical trials 



are usually not newly diagnosed patients, but in- 
clude patients with different durations of disease 
and nearly all have received medical treatment at 
some time prior to their entrance into the study. 

In an analysis of 38 placebo-controlled treat- 
ment studies of active UC, Unyckyj et al. found the 
clinical remission rate was 9.1% (95% CI6.6-11.6) 
and the clinical benefit rate was 26.7% (95% CI 
21. 1-29. 2) [2]. Arguing against these rates being 
purely the result of the natural history of the disease 
was the finding that the placebo response rate varied 
depending on the number of study visits. In an ear- 
lier study, Meyer and Janowitz reported that 51% 
(95% CI 36-66%) of patients on placebo in main- 
tenance trials remained in remission at 6 months. 
Those who had been in remission over the preceding 
year were more likely to stay in remission. Patients 
with proctitis or proctosigmoiditis were more likely 
to stay in remission than those with pan-colitis. 

Prognosis 

Common questions about prognosis in some- 
one first diagnosed with ulcerative colitis includes 
(1) what is the likelihood of entering remission or 
requiring surgery with the first attack, (2) how ac- 
tive will the disease be in the future and (3) will the 
extent of the disease increase? 



Prognosis of the first attack 

Early prognosis studies are at great risk for bias 
as they are usually retrospective studies of non- 
population-based cohorts. They also provide little 
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Table 29.1 Prognosis of ulcerative colitis - key points. 

First attack 

> 8 5 % enter remission 

Colectomy with first attack < 5 % 

Minority have no further episodes 
(? Misdiagnosed infectious colitis) 

Clinical course of UC 

Transient 25-30% 

Intermittent 65-70% 

Continuous 5 % 

Predictors of relapse 
Prior relapse history 

Risk of colectomy 

Colectomy within 1 year <io% 

Colectomy by 10 years 12-25% 

Increased risk: first years after 

diagnosis, extensive disease 
Predictors of failure of IV 

corticosteroids: frequency of bowel 

motions, C-reactive protein 

Mortality 

Unaffected or slightly increased 



relevant information for today's patients given the 
dramatic changes in the medical and surgical man- 
agement of ulcerative colitis. However, they do pro- 
vide an important and sobering historical context. 
Edwards and Truelove studied the prognosis of 624 
patients with ulcerative colitis, including 250 expe- 
riencing their first attack, admitted to the Radcliffe 
Infirmary or Churchill Hospital, Oxford, from 1938 
to 1962 [5]. In the 1930s and 1940s, mortality rates 
over 20% were seen during first attacks and around 
10% for relapses. Mortality rates were highest in 
those with more severe disease, a finding confirmed 
in two other early series [6, 7]. 

There are limited high-quality, population-based 
data on the prognosis of a first attack of ulcerative 
colitis. Sinclair et al. studied 537 patients newly di- 
agnosed with ulcerative colitis between 1967 and 
1976 in northeastern Scotland [8]. Eighty-eight per 
cent of patients entered remission after the first at- 
tack. Fifteen patients (3%) required colectomy. Only 
1 7 patients ( 3 % ) died and the ma j ority of these were 
older than age 70 and only one-half of the deaths 
were attributed to ulcerative colitis. Severity of dis- 
ease was a prognostic factor for entering remission. 



Of those with mild, moderate or severe disease ac- 
tivity, 92, 82 and 40% entered remission, respec- 
tively. No one with mild disease required surgery 
compared with 4% of those with moderate disease 
and 3 1 % of those with severe disease. The extent of 
the disease was associated with disease severity. The 
limitations of this study are significant and include 
its retrospective design and the reliance on barium 
enema to determine extent of disease. In addition, 
some therapies commonly used now for the treat- 
ment of ulcerative colitis would have been unavail- 
able to these patients, and there is no description of 
the medical treatment that they did receive. There- 
fore, it is difficult to extrapolate the results from this 
cohort to patients being diagnosed in the 2000s. 

Other studies have reported that 18-28% of pa- 
tients diagnosed with ulcerative colitis during their 
first attack do not experience a subsequent relapse 
[5, 8, 9]. However, it is likely that this group in- 
cludes many patients with misdiagnosed infectious 
colitis. Mourn et al. found that 12% of patients 
originally diagnosed with ulcerative colitis could not 
have that diagnosis confirmed on re-evaluation 1- 
2 years after the initial diagnosis [10]. Schumacher 
etal. suggest that historical and clinical features may 
help distinguish non-relapsing colitis from ulcera- 
tive colitis [11]. They followed 42 patients for at 
least 5 years. Fever, shorter duration of symptoms 
and more bowel movements were more frequently 
seen in patients with infectious non-relapsing coli- 
tis. Ulcerative colitis patients reported a longer pro- 
drome of symptoms. When a variety of symptoms 
were analysed using logistic regression, a history 
of gradually increasing diarrhoea could successfully 
identify ulcerative colitis patients. Endoscopic find- 
ings could not separate the two entities. Rectal biop- 
sies demonstrating basal plasmacytosis and crypt 
distortion were seen more often in ulcerative coli- 
tis patients. 

Subsequent disease course 

Good data on the clinical course of ulcerative coli- 
tis during the first year after diagnosis are available 
from a prospective, population-based study of 496 
ulcerative colitis patients in south-eastern Norway 
with a mean follow-up of 16.2 months [12]. Fifty 
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per cent entered remission and remained relapse-free 
at 1 year. One to two relapses were experienced by 
36% of patients and approximately 5% suffered a 
chronic relapsing course with more than 5 relapses. 
The only prognostic factor predicting disease relapse 
was age, with those under age 50 more likely to ex- 
perience a relapse than older patients. Only 20 (4%) 
patients underwent a colectomy. Patients with pan- 
colitis were more likely to undergo colectomy than 
those with left-sided disease (8% vs 2%). 

Data from a Danish cohort of n 69 incident 
cases of ulcerative colitis accrued prospectively be- 
tween 1962 and 1987 with a median follow-up of 
1 1.7 years provides information on the longer term 
course of ulcerative colitis [13]. At any time 50% of 
patients were in clinical remission. Approximately 
20% of patients were suffering from moderately to 
severely active disease. Intermittent episodes of dis- 
ease activity were seen most commonly, although 
25% of patients had no episodes of disease activity 
over a 5 -year period and 18% suffered yearly re- 
lapses. The number of episodes of disease activity 
in the first 2 years after diagnosis was a significant 
predictor of the subsequent disease course. 

Based on evidence from placebo-controlled ther- 
apeutic trials of oral mesalamine and sulfasalazine, 
58-89% of patients receiving placebo will suffer 
a relapse within 1 year [14]. Several retrospective 
studies examined potential risk factors. Implicated 
risk factors have included seasonality, psychological 
stress, viral illness, non-steroidal anti-inflammatory 
drugs and Clostridium difficile infections [15-24]. 

Three prospective studies have examined clini- 
cal risk factors for relapse. Leo et al. examined fac- 
tors predicting relapse in a prospective cohort of 72 
patients with ulcerative colitis [25]. Three factors 
were found to be predictive in a logistic regression 
model: fibre-poor diet, number of previous episodes 
of relapse and history of extra-intestinal manifes- 
tations. In a prospective study of 92 patients with 
ulcerative colitis in remission who were followed for 
over 48 weeks, Riley et al. examined the influence of 
several factors including infections, dietary changes, 
episodes of non-bloody diarrhoea, seasonality and 
life stress, on the risk of relapse [26]. Only previous 
relapse history and seasonality were significantly as- 
sociated with relapse with most relapses occurring 



from August to January. Bitton et al. recruited 74 
patients with clinically and endoscopically inactive 
ulcerative colitis and followed them for up to 1 year 
[27]. Younger age and multiple previous relapses in 
women were independent predictors of relapse. 

Therefore, to date consistent clinical risk factors 
for disease relapse, apart from prior relapse history, 
have not been identified. Other potential risk factors 
identified in the above studies need to be validated in 
larger studies prior to being accepted. Most patients 
in the three prospective studies quoted above were 
on maintenance therapy during the course of the 
study. Therefore, the impact of the identified risk 
factors on the management of ulcerative colitis in 
remission is likely to be negligible as most of the 
risk factors are not amenable to intervention. 



Disease extension 

The extent of the colon affected in ulcerative colitis 
has several implications, including the use of top- 
ical therapy, likelihood of undergoing a colectomy 
and need for cancer surveillance. Establishing the 
extent of the disease requires accurate delineation 
of the proximal extent. Early studies suggested that 
30-50% of patients would have extension of their 
disease [28-31]. However, early studies demonstrat- 
ing extension may be affected by information bias 
as these studies relied on rigid proctosigmoidoscopy 
and barium enema to define the extent of disease. 
Barium enema has been shown to underestimate the 
extent of the disease [32, 33]. However, even with 
the use of colonoscopy there can be disagreements 
between the endoscopic and histologic assessment 
of the extent of disease [34]. In a small study of 3 1 
ulcerative colitis patients who underwent at least 
two colonoscopies, Niv et al. found that only 23% 
of patients had no change in the extent of their dis- 
ease [35]. Of the remaining patients, one-half had 
a greater extent and one-half had a lesser extent of 
disease on their second colonoscopy. Mourn et al. 
examined changes in disease extent in a population- 
based cohort of 399 patients who had undergone at 
least two colonoscopies: one at the time of diagno- 
sis, the second 12-23 months later. Overall, 34% of 
patients showed no change in the colonoscopic ex- 
tent of their disease. Of the remainder 14% showed 
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disease progression, 22% had disease regression and 
30% had normal appearing mucosa at their second 
colonoscopy. It is not readily apparent, what pro- 
portion of patients were on medical therapy at the 
time of their second colonoscopy and what effect 
this had on the extent of the disease. The combi- 
nation of relatively poor agreement between endo- 
scopic and histological assessment of disease extent 
and the variation in disease extent on two different 
exams has led some to question the practice of bas- 
ing cancer surveillance practices on disease extent 
[36]. 

Mortality 

Mortality rates in early series of ulcerative colitis pa- 
tients were very high. Edwards and Truelove found 
that the 20-year mortality rate for those with ulcer- 
ative colitis diagnosed between 1938 and 1962 was 
3 5 % compared to an expected rate of only 5 % [37]. 
Even accounting for the potential of selection bias 
influencing these results, given that Oxford was a 
tertiary referral centre, this series demonstrates the 
high mortality rates experienced by those with ul- 
cerative colitis prior to the introduction of effective 
therapies. In Oxford, the mortality rates fell dramat- 
ically after the introduction of steroid treatment. For 
those recruited suffering their first attack, the 7-year 
mortality rate decreased from 24% in the period 
1938-1952 to 9% in the period 1953-1962. Tru- 
elove and Witt's pivotal clinical trial of cortisone 
in ulcerative colitis also found a lower, though not 
quite statistically significant, death rate in those re- 
ceiving cortisone (4.6% vs 10.9%) [38]. 

When comparing death rates between a cohort 
of patients with ulcerative colitis and the general 



population adjustment is required to take into ac- 
count the different age and sex distribution of the 
two groups. Many studies report standardised mor- 
tality ratios (SMR). The SMR is the ratio of the 
observed number of deaths in the ulcerative colitis 
group to the number of deaths that would have been 
expected if this group suffered from the same age- 
sex specific mortality rates occurring in the general 
population. SMRs can also be expressed as percent- 
ages, with an SMR of 100 indicating that number 
of observed and expected deaths were equivalent. 
SMRs greater than 100 indicate excess risk of death 
and less than 100 reduced risk of death. Table 29.2 
shows SMRs for ulcerative colitis and different dis- 
ease subtypes reported in population-based studies. 
The overall trend in studies examining mortality 
in ulcerative colitis is a decrease in the risk of excess 
mortality over time [42]. Modern studies reveal that 
those with ulcerative colitis enjoy a life expectancy 
little different from the general public [8, 39-42]. In 
the Danish inception cohort of n 61 ulcerative col- 
itis patients followed from diagnosis to end of 1987 
no overall excess mortality was noted [40]. How- 
ever, there was excess mortality in the first year after 
diagnosis with a relative risk of death of 2.4. Simi- 
larly, the north-eastern Scotland cohort also found 
excess mortality within the first years of diagno- 
sis and in those with extensive disease at onset but 
no significant long-term differences between the ob- 
served and expected mortality in all 537 patients 
[8]. Two Swedish population-based studies found 
modestly decreased survival for those with ulcer- 
ative colitis. Persson et al. included 1547 subjects 
with ulcerative colitis diagnosed in Stockholm be- 
tween 1955 and 1984 [41]. The observed versus ex- 
pected survival rate after 15 years was 94.2% (95% 



Table 29.2 Standardised mortality ratios of ulcerative colitis. 



Author Country Year of diagnosis End of follow-up 

Ekbom [39] Sweden 1965-83 1986 



Langholz [40] Denmark 1962-87 

Persson [41] Sweden 1 955~9° 



1987 
1990 



Subgroup 



SMR 



A11UC 


140 (120-150) 


Proctitis 


100 (90-120) 


Left-sided 


120 (100-140) 


Pancolitis 


190 (170-220) 


A11UC 


106 (NS) 


First year 


235 (P < O.OOI 


A11UC 


137 (120-154) 
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CI 92.4-9 6. 1 % ) . Ekbom et al. studied 2 5 09 patients 
diagnosed with ulcerative colitis within the Uppsala 
Region of Sweden from 1965 to 1983 with follow- 
up to the end of 1986 [42]. The 10-year survival 
of those with ulcerative colitis was 95.9% (95% CI 
94.3-97.5) relative to that of the general popula- 
tion. Decreased survival was not seen in those with 
proctitis. 

Predictors of risk of colectomy 

Colectomy rates after 1 year of disease were 10% 
in two series from Sweden and Denmark [43, 44]. 
In the earlier series from Copenhagen, Hendriksen 
et al. found a cumulative colectomy rate at 1 year of 
10%, 3 % in the second year and thereafter approx- 
imately 1 % per year in patients diagnosed between 
i960 and 1978 [44]. The cumulative 10- and 18- 
year colectomy rate was 23 and 31%, respectively. 
The Swedish study included patients diagnosed with 
ulcerative colitis in Stockholm County from 1955 
to 1984 [43]. In this series, the colectomy rate was 
28% at 10 years and 45% at 25 years. In contrast, 
Sinclair et al. reported a cumulative colectomy rate 
at 10 years of approximately 12% or about half 
of the rate reported in the above two studies [8]. 
A more recent series of patients diagnosed between 
1991 and 1993 in 20 European sites reported that 
after 4 years of follow-up 4% of ulcerative colitis 
patients had undergone surgery [45]. 

As discussed earlier, extensive and severely ac- 
tive disease are markers of poor prognosis. There- 
fore, one would expect colectomy rates in reported 
series to vary based on the proportion of patients 
with these features. However, colectomy rates vary 
greatly across different surgical series. Therefore 
other factors must also affect colectomy rates. These 
may include regional definitions of medical fail- 
ure, degree of use of immunosuppressants and cy- 
closporin (although most series pre-date the use 
of cyclosporine for severe flares) and surgical prac- 
tice patterns. New surgical techniques, including the 
ileoanal pouch, are better accepted by patients, but 
their impact on surgical rates is unclear. 

Leijonmarck found that those with proctitis and 
left-sided colitis had similar colectomy rates, though 
even for those with proctitis the 10-year colectomy 



rate was approximately 15%. For those with pan- 
colitis, the 10-year colectomy rate was 40%. Com- 
parable 10-year colectomy rates from the northeast- 
ern Scotland cohort are 6, 12 and 35% for those 
with distal, left-sided and pan-colitis, respectively 
[8]. Therefore, although colectomy rates are simi- 
lar for those with pan-colitis, there appears to be 
marked differences in the rates for limited disease 
between studies, probably reflecting local surgical 
practice patterns rather than characteristics of the 
disease. 

Several investigators have examined factors that 
could predict the need for colectomy in patients 
admitted with an exacerbation of ulcerative coli- 
tis. Chakravarty examined 89 patients at Auckland 
Hospital to determine predictors of medical treat- 
ment failure [46]. Surgery was required in 28% of 
patients. In a multivariate model, severity of diar- 
rhoea and low albumen level were the only predic- 
tors of surgery. Travis et al. examined predictors of 
response to medical therapy in a series of 49 pa- 
tients with 51 consecutive severe attacks of colitis 
[47]. Complete response, defined as three or fewer 
bowel motions without visible blood, was seen in 
21 episodes. Fifteen had an incomplete response, 
defined as more than three bowel motions or vis- 
ible blood on day 7 but no colectomy. Fifteen 
(29%) failed medical therapy and underwent colec- 
tomy during the admission. Complete responders re- 
mained in remission for a median of 9 months and 
had a 5% chance of eventual colectomy. Incomplete 
responders had a 60% chance of continuous symp- 
toms and a 40% chance of colectomy. During the 
first 5 days, stool frequency and C-reactive protein 
(CRP) could distinguish between treatment failures 
and successes. On day 3, patients with either (1) 
three to eight bowel motions with a CRP more than 
45 mg/L or (2) eight or more bowel motions had an 
8 5 % chance of colectomy. 

Lindgren et al. conducted a retrospective anal- 
ysis of 97 patients with acute attacks of ulcerative 
colitis admitted to four Swedish university hospitals 
and treated with intravenous corticosteroids [48]. 
They found that c-reactive protein levels greater 
than or equal to 25 mg/L and more than 4 bowel 
movements/day on day 3 of hospitalisation indepen- 
dently predicted a high risk for colectomy. 
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Table 29.3 Ho et al. failure of medical therapy risk index 
[49]- 



Factor 

3 -day mean stool frequency 

<4 

4-7 

7-9 

>9 
Colonic dilation within 3 days 
Hypoalbuminemia (<30 g/L) on day 1 



Score 



Index (range 0-9) = Mean stool frequency + colonic dilation 
+ hypoalbuminemia. 



Score 



Risk category 



Failure rate 



0-1 
> 4 



Low risk 
Intermediate risk 
High risk 



11% 

45% 
85% 



Ho et al. developed an index to allow the early 
identification of patients at risk of not responding 
to intravenous corticosteroid therapy to facilitate 
second-line treatment with ciclosporine or colec- 
tomy [49]. They recruited 167 consecutive patients 
with severe ulcerative colitis from 1995-2002. They 
used multiple logistic regression to analyse parame- 
ters within the first 3 days of medical therapy that 
were associated with failure of first-line medical 
therapy. Their final index included mean stool fre- 
quency, presence of colonic dilation and hypoalbu- 
minemia on day 1 (<30 g/L) and was scored from 
o to 9 (Table 29.3). All those with a score of six or 
higher failed medical therapy. 

However, all of these studies are at risk of in- 
formation bias. Those caring for the patients and 
making the decision regarding the outcome (medical 
failure, colectomy) were not blinded as to the results 
of the putative predictive variables. CRP has been 
reported as a predictor of colectomy [50]. There- 
fore, it is possible that patients were selected for 
colectomy based on their CRP level or other clinical 
features, meaning that knowledge of the predictive 
factors may have influenced the 'measurement' of 
the outcome. The greatest risk would have been in 
those with a partial or incomplete response to med- 
ical therapy. Therefore, the results in these studies 



may reflect local practice patterns as well as the true 
biological refractoriness of the disease. 

Genetic factors may, in the future, play a role 
in determining susceptibility and predicting be- 
haviour of ulcerative colitis. Human leukocyte anti- 
gen (HLA) class II genes regulate immune responses 
and have been studied as markers of disease be- 
haviour in ulcerative colitis. HLA-DRBi' : 'oi303 has 
been shown to predict the need for surgery and 
HLA-DR3-DQ2 haplotype is more common in ex- 
tensive disease [51]. Susceptibility to ulcerative col- 
itis, particularly extensive disease, has been asso- 
ciated with an allele in the second intron of the 
gene encoding the interleukin (IL)-i receptor antag- 
onist (IL-iRa), which is a potent anti-inflammatory 
protein [52]. Roussomoustakaki et al. examined 
HLA-DRBi' : "oio3 and allele 2 of the IL-iRa gene 
in 107 ulcerative colitis patients undergoing colec- 
tomy compared to 482 healthy controls [53]. The 
HLA-DRBi' : 103 allele was more common in ulcer- 
ative colitis patients compared to controls (14.1% 
vs 3.2%). It was also more common in patients 
with extensive disease (15.8% vs 8.7% in distal coli- 
tis) and in those with extra-intestinal manifestations 
(EIMs) (22.8% vs 2.4% in those with no EIMs). In 
this study the frequency of the IL-iRa allele was not 
different than controls. It was, however, seen less 
frequently in patients with distal disease and may 
provide a marker for patients at risk for develop- 
ing extensive colitis. HLA-DRBi*oi02 was found 
to be more common in patients requiring colectomy 
in a French series of 91 ulcerative colitis patients 
[54]. 
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adherence/compliance, 126-7 
drug choice, 126 
pharmacokinetics, 127-8 
tissue concentrations, 127 
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corticosteroids vs., 129 
maintaining remission, 132-4, 133 
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mechanism, 62 
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post-operative prophylaxis, 241 
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male fertility and, 366 
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TPMT polymorphism and, 24 

Backwash ileitis 

Crohn's disease vs., 74 
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Bacteria (intestinal), 33, 144 
alterations in IBD, 47-8 
Crohn's disease, 206 
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host-flora interactions, 145-6 
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therapies 

see also specific agents 
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Biopsy 
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DALMs, 313, 314 

indeterminate colitis diagnosis, 69-71 

sampling error, 271, 286, 319 

scoring systems, 77 

ulcerative colitis appearance, 67, 68 
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Blood vessel density, ultrasound, 112 
Bone, 340-1 

age, radiographic, 351 

fractures, 194, 346 
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cytokines and, 341-3 
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types, 340 
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importance of, 201 
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measurement, 343 
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'Bowel rest,' 197, 199, 335 
Bowel wall thickness, 111-12 

computed tomography, 106 

magnetic resonance imaging, 108-9, II0 

ultrasound, in 
Breastfeeding, 366 
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Ileocolonoscopy, capsule endoscopy vs., 91 
Ileostomy 

blowhole in pregnancy, 3 66 
defunctioning, 160 

perianal fistula management, 258, 261 
pouch dysfunction management, 173, 174 
Imaging studies 

Crohn's disease, 85-6 

capsule endoscopy see Capsule endoscopy 

economic decision model, 101 

inadequacy/problems, 86-7 
cross-sectional, 105-16 
see also specific modalities 
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INDEX 389 



immunophenotype and, 227 

microbial flora and, 47-8, 145-6 
Immunoglobulin G enemas, refractory distal colitis, 136 
Immunohistochemistry, dysplasia diagnosis, 271, 273, 273, 

2 75 
Immunomodulators 

colorectal cancer prevention, 284 
Crohn's disease, fistulae management, 236 
growth impairment treatment/prevention, 336 
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pre-operative, 218 
pretreatment measures, 218-19 
refractory disease, 213-14 
response markers, 219 
loss of response, 214, 218 
pharmacogenetics, 25 
safety issues, 215-19, 237, 257 
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mesalazine, 186-9, T &7 
ulcerative colitis 
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maintenance therapy, 119-23 
rectal steroids and, 128 
refractory distal colitis, 128 
see also specific formulations 
Mesasal, 182 

Mesenteric lymph node, host-flora interactions, 146 
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Ornidazole, Crohn's disease, 208 
Osteoblasts, 340 

cytokine production, 342-3 
Osteocalcin, 340 
Osteoclasts, 340 
Osteocytes, 340 
Osteonecrosis, 194 



Osteopenia, 340-59 

aetiopathogenesis, 344, 344-6 

BMD measurement, 343 

Crohn's disease vs. ulcerative colitis, 346-50, 348, 349 

intermediate disease duration, 348-9, 349 
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fistula formation, 172, 175 
strictures, 17 1-2 
antibiotics, 48 
diagnosis, 79-80 
histology, 1 70-1 
implications of, 169-70 
incidence, 169 

indeterminate colitis, 172, 233 
natural history, 174 
probiotic therapy, 144, 148, 149 
scoring systems, 79-80 
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congenital malformation, 362 

miscarriage/foetal loss, 361 

prematurity/low birth weight, 361-2, ^62 
effect of pregnancy on IBD, 362-3 

during, 362 

after, 363 
enteral feeding during, 366 
IBD transmission to offspring, 361 

see also Genetics of IBD 
medical therapy during, 363-5 

aminosalicylates, 363-4 

antibiotics, 208, 364 

corticosteroids, 363 

immunomodulators, 364-5 

surgical therapy during, 365-6 

Prematurity, IBD effects, 361-2, 362 

Presacral nerves, rectal dissection and, 159 

Primary sclerosing cholangitis (PSC) 
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infective, refractory distal colitis vs., 129-30 
radiation, refractory distal colitis vs., 129 
ulcerative colitis, colectomy risk, 373 



396 INDEX 



Proctocolectomy, 155 

age and, 156-7 
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pharmacokinetics, 127-8 
tissue concentrations, 127 

corticosteroids, pharmacokinetics, 127-8 

see also specific drugs/formulations 
Total colectomy, refractory distal colitis, 138 
Total enteral nutrition (TEN), Crohn's disease, 197 
Total parenteral nutrition (TPN), Crohn's disease, 197 
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